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KEVISER’S PREFACE.'^ 


, presenting the enlarged and improved edition of Volume I. 
of “ The jjanufacture of Varnishes," it shoiiifl be understood 
that the publishers found themselves in il position of some 
amount of dfHiculty thn^jigh the sudden decease of the author, 
Mr. John Geddes*McIntosh, just after the MS. was paissed to 
the printers. Friend# Qf the deeeasc'd author could testify as 
to his ambition for making what has ultimately proved to be 
indeed the crowning effort (V his life. This would doubtless 
have been realised, bearing in mind the author’s lengthy and 
unique technical and literary experience. Death—the great 
leveller of all men—has intervened, thus leaving to andther 
the work of revision, which, he feels, even exercised with the 
best,intentions, cannot rank with that of the pastmaster who 
has now h't fall his pen. The reviser wishes it to be under¬ 
stood that every ellbrt has been made to preserve throughout 
the style or form of e.xp^ession characteristic of tlje author. 
That and the seciucnec of matter remains exactly as originally 
planned. It is, however, unfortunate that some gaps were 
found in the proofs, obviously inb'iided for the insertion of 
additional and no doubt individual matter which experience 
only could dictate ; and it may so happen that statements of in¬ 
ferences born of a life’s experience are unintentionally omitted. 
The chief task of the reviser has been to give of his best to¬ 
wards di.sereetly closing up such gaps. If the presentment df 
the matter appears fragmentary, the indulgence, of the reader 
must be encroached upon; remembering that books, like men, 
are not without virtues and vices. Allowing for the dilliculties 
referred to, the reader cannot fail to be impreKsed with the fact 
that this A’ork is without a rival, and as such will surely prove 
a useful book of study and reference to those engaged, or aliout 
,to be engaged, in the technology of paints, varnishes, and allied 
materials. 
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Uegistovi’d Lecturer, 
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** IITSTOJUCAL NOTE, 

Karli/ (’sf cf Liiixi'fd Oil iix n ]'i'liicl(' in Oil Puinthuj in Eiujland .— 
It is not to Ilf that liiisciai oil wiw lirst used as a paint 

vehicle and limdcr in iMifland, hut the usual statement that out 
knowledge of such use e.inie to us through tin' Van Kyeks is without 
loundation. In the Close Rolls is found an older issued hy»Kuig 
Henry in the year I'Jd!) ordering the payment of money for material 
and Inhour in ]iamting the (Queen’s Chamber at Westminster, and 
fronr the mention of oil anil varnish it may he safely infiu'i'cd that 
the former, the oil, was used as a vehicle for pigments :— 

“The King to His Treasurer and Chamherlain, (irooting f 
Deliver of our treasure to (Itto the floldsmith and Edward his son 
one hundred and se\enU‘en shillings and ten ))em;e for oil and 
colours honght and ]iietures made in the ('hamher of our Queen at 
Westininstei- from the Octaves of tlie Iloh Trinity in tho tw’enty- 
third year of onr leign to the h’east of St. itarnahas the Apostle in 
the same year, namely, lor lifteen days,” It has been suggested 
that these arrangements were made in view of the Queen's accouche¬ 
ment, as her liist son, Edward, was horn on the Kith of .lune, 1239, 
live days only aftei the lirst date mentioned in the. record. 

The following extracts aie from rather later records. They give 
the materials used in the di'coration of St. Stephen's Chapel and 
their prices from Rolls of the ‘doth of Edward the Third, that is, 
the year 1301 : - 

“ .Inly IH. To Master H. de St. Alhans for four llagonsof painters’ 
oil for tile ]iainting of the cha)iel Kis. Se])t. 0. For 19 llagonsof 
painters' oil at 3s. Id. per tlagon l;3 3s. 4d. (white and red lead, 
/ichre, azure, vermilion, cole (size), white varnish, sinojilo and 
cynopre (the latter from Montpelier), gold leaf, tinfoil, sipiirrcls' tails, 
hogs' hair, cotton for laying on gold), A pair of scales ^ yel^h tho 
dilTereiit painters' colours is included. 
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CHAPTBB I. 


PROPERTIES OP DRYINu xjiuo. 

General P.ropertm of Fixed Oils and Fats .—Although at first sight 
» fixed oil may appear to be a perfectly simple, homogeneous, ele- 
’mgpttfry body, yet if we study any of these oils or fats attentively 
we will observe certain phenomena which indicate the complex 
pature of their constitution. If, for instance,'we expose oih to a 
low temperature, it separates into a liquid and solid portion. Again, 
if we press tallow between folds of filter paper we express a liquid 
oil. But it remained for Cnevreul to demonstrate by chemical 
means the-exact constitution of these ifodies. Chevreul submitted 
these oils and fats in a methodical manner to the action of different- 
reagents, and found that they could be separated into different proxi¬ 
mate bodies. He established the fact that every fixed oil or fat was 
made up of two or more fatty bodies of a greater or less degree of 
purity, each of these bodies differing from one another in their 
inelting-points, fluidity, solubility in different menstrua, etc. He 
found, further, that e^h of these proximate bodies existing in oils 
and fats yvas really a salt, i.e. a compound arising from the combina¬ 
tion of an acid with a base. 

Chevreul pointed out that the different properties of oils and fats' 
yrexfi due to the individual combined fatty acids, characteristic of each 
oil and fat, differing among themselves in composition and properties, 
but that the base was the same in all, or nearly all, oases, viz. glycer¬ 
in. The fatty acids he found to be principally the following four, 
vis. stearic acid, palmitic acid, margario acid, oleic acid; and that 
ibrep equivalents of each of these monobasic acids combined witU. 
one eqmvalent of the triad glycerine to form respectively the salts, 
,tri8teaftn,,Aripslmitine, trimargarine, trioleine, fhe three former' 
toe soUa at ojrdinary temperatures, the latter liquid. The trig&rine 
TOiias the hard, solid portions of tallow and lard, and triolbine the. 
Imi oily portion. 

, ^e termed this 'resolution of the neutral fat into fatty acid and 
tnerine wponificaticm. This decomposition for candle-making is,- 
Jit riiottt ii various ’Aays, the simplest of which consists m dW. 
g the (at wiA steam superheated to 300° C., when the gl/cer^ 
acids distil over together,-the latter forming a layer flttaf-'. 
i the tomer. The liquid oleic acid is then pressed from 
(21 , ' 






.^Icibaiiig^ tie ^yieu*m 

, «iit^ tie liquid oleio ftoM'WwglylerjoeT 

ioroMin being * d^ip^^wtion pr^ti^t'^ <1# 
no fmpil is ftodnoed on burning, candles*do iwt 

Inuffidgis reqnired. ^ Bdyft theoaseW a dtjlngoil 
not dry A Welf as the original oil; Of late yeai% the hy^r^tb Stf^h-i 
pf certain ferments or gnzyq^, e.g. lipase, ha^ been used to 
trils and fats into fatty ,acid and glycerine. If’the eliminatiql 
glycerine from a solid fat guoh as tallow results in obtaining ira^yed^ 
products for candle-making, unfortunately it is not so \yith a orying' 
oil like linseed oil, the fatty acids from which, owing to their be|^{: 
solid if not greasy, are not nearly so suitable for paint andctrarq^bf^ 
purposes as the original. But what are drying oils and whem|^‘ 
do they differ from non-drying oils ? ' . ’ , j 

Drying Oils. Definition .—The drying oils are those oils 
vegetable origin which, being liquid at the ordinary tempsratjiirei 
possess the property of gradually and progressively absorbing oxygoi^ 
from the air when exposed thereto in a thin layer whilst-still at .the., 
ordinary temperature, and in so doing, instead of yielding a rancid,*' 
more or less viscous, greasy mass, naturally change graducdly ahd* 
sventually by insensible gradations from the original oonditi<w of \H. 
Quid oil into solid elastic dry substances insoluble in the usoal^dS ' 
solvents. The greater the quantity of oxygen which , snoh an oil Is 
capable of absorbing and fixing (when exposed to the air io-sp thin!, 
a film that the air can penetrate to the ultimate bottom layer of the, 
film) as shown by the nett increase in weight, the greater are tSfi; 
drying properties and propensities of the oil. The greater the, 
avidity with which a drying oil absorbs oxygen, and the greatc^ 
the, rapidity with which it solidifies and dries throughput its- 
eetsris paribus', the better is the oil. The more thoroughly, toe: 
more perfectly the thin film of pure linseed oil dries, the more 
tractable it is. Neither solvents, reagents, weather, nor even agi^l 
affects it. The word nett is used advisedly, because linseed 
absorbs even far more oxygen than the amount it fixes permat^tK 
This latter quantity of oxygen is'used up in the formation of Tplat^! 
oom^unds, carixmio acid (some say carbonic oxide), 
acetic acid, oxalic acid, although the bulk of the oil, s^ll esiiK^j^W 
a glyceride, remains to form the dried film. The aeraon-ol 
splits linseed oil up into two main divisions—one of^hese 
liquid and volatile; the other fixed and solid. The ^latile 
sbcapes into the-air,'the solid portion is fixed. j 

The sequel of changes which a drying pil nndergpes 
Iwellt is b^g convert^ (1) into an intimgible volatile ,^rtibn,i^A& 
itWay into unknown .regions, and (2) h tangible iolid^i^m^^S 
MlncnWe to the eye and the touci, trhioh remains ;hxQd 



vmstmmK 

; ift'termed the A^ngoflihe oil'.* As i mottex of iaci^i'the' 

f^oil, does not 4ry In the tirne acceptation of the term. When a snb- 
sljanoe in'ordinary langi&ge is said to dry, what is meant is that (lie 
suhftance in qnestian loses any adherent, adrentitious or interstitial 
wAJer^or hygroscopic ^moisture,. and, in a case-of drying of that 
' natur^ ?re can appreciate the change, as it proceeds, botbfliy the eye 
and tM tvroh. The vapour is visible to theaeye js it condenses, and 
the touch is sensible to the drier feeling as the nfoisture is expelled 
to a greater and greater extent. Such suhstuugcs, therefore, suffer a 
diminution in weight corresponding to the amount of water eliminated 
in the process. But a phenomenon of quite ^n opposite nature occurs 
when a drying oil dries; instead of losing in weight it gradually 
becomes heavier as the “ drying ” process proceeds, until the oil has 
conyiletely “ dried,” when its nett weight will be found to have in¬ 
creased some 16 to 17 per cent. In other words, 10 gallons of linseed 
oil, spread over any given surface, will not only increase the' weight 
of the object on whose surface it was painted by the weight of the 
10 gallons of oil, but, when the oil dries, the object will be found to 
have in all increased in nett weight to 110 lb., 93 lb. of which are 
due to the oil and some 17 lb. due to thi absorption of oxygen gas 
from the air and its absorption by and permanent fixation in the oil. 
Now a gallon of oxygen weighs about 95 grains, and as there are 
7000 grains in a lb., and as 17 lb. nett of oxygen wore absorbed, 
we get a total of 119,000 grains of oxygen absorbed by the oil, 
which, divided by 95 grains, gives us nearly 1253 gallons of oxygen 
gas as being required to dry 10 gallons of oil. But the air only 
contains J of its volume of oxygen, so that 6265 gallons of air are 
in this oxygon absorption phase totally deprived of oxygen by the 
drying of 10 gallons of linseed oil. This 1253 gallons of oxygen, be 
it well understood, actually enter into the constitution of the film 
of paint. Independent of the volatile decomposition products 
already named the absorption of oxygen by linseed oil is always, 
accompanied by the evolution of a highly toxic gas known as acrolein 
whmh, when in a concentrated form, attacks the eyes and the nose 
as in oil boiling (weeping, running at the nose, etc.). 

This diminution of the oxygen of the air and the evolution of 
acrolein are points in connection with the bad effec^ of sleeping in 
newly, Aivt^ rooms which have not received from the medical 
faculty the ^tention they deserve. The headaches and other 
symptoms may, on investigation, prove not to be due to the toxic 
effects of turpentine and its oxidised derivatives, or to linseed oil 
emanations as a whole, but more to the rapid manner in which both 
linseed oil and turpentine diminish the proportion of oxygen in the 
supwinpumbent atmosphere by the energetic way in which they 
Absorb oxygen. The fact that very possibly much of the glycerine 
hontwn^d in the glycerides of linseed oil is resolved into acrolein, 
ppmtf Jio the necessity of free ventilation from the onnn mV Ta, 





iic^‘'*|i^tlk'lh()'evolati6ii of mtoIi^ ibe air 

os^n. put a paiuter to pKint ill a roo^A whiob.baa m jUiaol 
communication with the open air is a dangerous proceeding. Btri 
Aere need*be no serious effects provided ventilation be attended ':to, 
and this ist^st done by burning a fire in the room in which ^ihtihg 
and varnisnlng operations are being conducted, and by discritpipaUly 
opening the winder, avAding at all risks and all hazard^a dam| 
cold draught playing on the surface being painted or varnished uniii 
some time after it has thoroughly dried. The doing away with fire> 
places and heating bed- and sitting-rooms by steam is much to be 
deprecated. An ordinary substance in drying loses water and losti 
in weight. A drying oil in drying absorbs oxygen mid increases ih 
weight, and that too in spite of the fact that linseed oil in. drying 
generates acetic acid, carbonic oxide, carbonic acid, oxalic acid, and 
water. Moreover, if we can see the water being expelled from ac 
obje^ct by the clouds of steam which are formed in the process, and 
although we may increase the rapidity of drying of linseed oil by the 
application of not too great a heat, such as “drying" the article ic 
a hot-water oven, or a current of air, yet if our sense of smell telb 
us that vapour of some sort is being evolved, in no instarice can thh 
vapour be seen to rise from pure and good linseed oil, unless the 
heat be raised so as to start the destructive distillation of the oil 
As just seen, aqueous and other vapours are given off by linseed oi 
in drying, but those vapours are due to the decomposition of tb( 
proximate constituents of linseed oil with the simultaneous absorptioc 
of oxygen, all of which finally result in the drying of the oil by thi 
formation of the solid body into which linseed oil is resolv^ it 
drying, viz. linoxyn. If the oil contain spirits of turpentine, naphtha 
etc., it will of course give off a considerable vapour of volatile solvent 
at a much lower temperature than unthinhed linseed oil pure and 
simple. 

When linseed oil in its pristine liquid condition is spread OV«l 
the surface of an object which has been made impervious by th« 
process known as priming, that is to say, its pores have been filled 
up in a suitable manner, it forms when dried an impervious coating 
viz. the linoxyn just referred to, which still further protects the ob 
ject from the affects of wear and tear and all those ex^aneoui 
'erosire agencies which we know under the term weSther, such 'oi 
the difference in temperature between day and nigh^ summor and 
winter, heat and cold, rain, frost, and snow. 

Linseed oil js unique in this respect; when dear, the carping 
critics whose pockets are touched have not got a good word to saj 
in its favour and recite a whole decalogue of sins due to its usi 
either per se or as an ingredient of paint or varnish. ^ 

The Function of Drying Oils as Vehicles'for Pigments.~r^d ii| 
crease the thickness of the coating, and also to form a hatdefiJSiorl 
permanent, more anti-corrosive and more anti-eroqjye laygr/'t]^ 




,dr;^iig oil gooerally mixedal piipTen^ 
The oil, in drying, oenjpnts these pigments t6 the ob^eot td^whiciJ^tlM' 
mixture of oil and pigment is applied. The mixture of oil ani pig;j* 
ment js exiled a ^int. The drying oil is said to act a8*the yehiofe.' 
Wp thus often hear »f pigments and vehicles. But a vj^hicle would 
^be Q^hp use unless it acted as a lasting binding agent as well. Colea* 

‘ oil would form as good a vehicle for pigRiente a® linseed oil, if not 
. better; but as colza oil is a non-drying oil, the paint made by’using 
it would not be a paint at all, as the vehicle l^puld not dry, and thus, 
it would not solidify itself, and hence it could not consolidate the 
particles of pigment and itself into a hard'impervious layer, and the 
mixture would be more suitable for axle grease than for paint pur¬ 
poses. In the same way size, used in distemper painting, is a good 
enough vehicle for indoor work when applied to the walls of rooms, 
but the denuding and erosive action of the weather would render it 
worse than .useless when applied out of doors. 

The word vehicle as used by some writers is, therefore, an in¬ 
complete definition of the functions of a drying oil when applied in 
conjunction or in combination with a figment to the surface of an 

object. It is the cementing or binding agent, or vehicle, if you will_ 

just as slaked lime is the agent which binds the sand in the mortar 
to the wall. Not only so, just as the lime cements the particles of 
sand to themselves and to itself and the agglomerate thus formed to ; 
the wall, so also does the linseed oil cement the particles of pigment 
to each other and to itself and the agglomerate thus formed to the 
object to which it is applied. But the analogy does not rest here; 
the slaked lime also increases in weight in drying. Although it 
gives off moisture it nevertheless at the same time absorbs carbonic 
acid. For every 18 parts of chemically combined water which 
mortar gives off in drying and consolidating it absorbs 44 parts of 
carbonic acid, and consequently increases in weight, as we have just 
said. 

Summary. —The function of a drying oil when used as a vehicle 
for paints is to so “ dry " as to bind and consolidate the pigment in 
such a way that the combined layer formed by the dried vehicle and 
pigment, that is, by the dried paint, will withstand the heat of the® 
sun s rays, the erosive action of {he weather, and in conjunction t 
with the ^i|bient protect the object to which it is applied from the 
corrosive and-erosive action of the same. 

Z%e Function of Drying Oils as Varnish IngrcdUnts, i.e. 'as 
"Vshkles ' for Besins. —The chief function of drying oils as in- 
jr^ients of varnishes is first of all to dissolve the resin so as to 
Iwing it into the fluid condition; here again colza and other oils 
wquld act simil^ly, but the solution of resin in colza oil .would never 
Jry, and this only use for such a product would be for axle grease, 
md ^fen for that purpose it would not be very fit, and not only 80 ,.i 
|,wo«ld Iw ^ very costly way of making axle grease. Here again 




ftw nweti^ Of tue linseea ou MioiAry. Md in so doa^ to omnpfkj 
toother the partioles of reHn by an elastio binding agaht oonsiiliil^ 
of we prodnot into which the linseed oil is rdbolved on drying, 11^ 
greater the*quantity of linseed oil and the fewer the partiolm of resih 
which it hm to cement together, and which are present in a “dried *' 
coating of Ornish, the more elastic and durabfe will be that coating. 
It is linseed oil wh^qh giwis elasticity to varnishes." If a lijysdSd pil 
.su^slitute consisting of hydrocarbides, such as rosin oil, euBsti- 
tuted for a drying oil, ag. linseed oil, whether in a paint or varnis^, 
this durability and elasticity is lost, the dried product difsolves in 
weak solutions of alkali, «nd even in warm solutions of household 
soap, as is seen in the case of the front door of the housewife who 
must always be scrubbing. Her newly painted and varnished front 
door in a few months looks as if it had not been painted or varnished 
for as many years. Moreover, the melting-point of the dried product 
of linseed oil is high, as any one may satisfy himself by trying to 
mel! linseed oil skins, but the melting-point of the " dried" (Hi] 
product of hydrooarbide oils, e.g. rosin oil, is no better than that ol 
common rosin. Moreover, Jhe dried product of such oils or varnishet 
is soluble in the original varnish, especially in the sun, when the 
former melts, a fact which gives rise to many exasperating difi|' 
culties when it is desired to apply a second coating of the same paint 
or varnish on the same article. In the cool of the evening thif 
coating may be as “ dry as a bone,” in the heat of the day it ii 
simply a liquid pitch, and if the coating does eventually so dry and 
harden as to withstand the heat of the sun, it is such a mass ■ol 
cracks and furrows that those on an elephant's hide might well bt 
compared to them. These cracks and furrows are produced by the 
difference in temperature between day and night, producing hundred) 
of alternate liquefactions and solidifioations of the coating, into the 
composition of which this linseed oil substitute enters' so la^d^ 
Moreover, in the cool of the evening the coating seems to dry, bui 
it is merely surface drying, underneath is a layer of liquid pitch lik« 
that of a lake of asphaltum, and it only requires the heat of the' bub 
to melt the surface crust to liberate streams of the liquid confined 
beneath. 

■The great function and characteristic property of a drying oil ii 
^ yipld on drying a coating of high melting-point, gnat« elhsticity 
great imperviousness, and great durability when exposed to wind 
and weather, and resisting both natural and artificial reagents and 
solvents. ■ ' . 

Pr. Ure, writing away back in the fifties of last century, diSei 
entiated between drying and non-drying oils. “ Certain oilfr thi{s|;^ 
and eventually dry into a transparent, yellowish, flexible subst&noe 
yrhich forms a skin upon the surface of the oil, and. retards its fuAhe 
alteration.. Such oils are said to be drying or siccafiee, and age usB« 
on this account jn the p^paration of varnishes and patera’ ^pnra 
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Other oils do not dry, though they turn thiek, beoonle less com* 
'bustible, and assume an ofiensive smell. They are then called rawid. 
In this' state, they exSibit an acid reaction, and irritate the fauces ■ 
when swallowed, an consequence of the presence of a peculiar acid, 
which- may be rerao\jed in a great measure by boiling the oil along 
with water and a little common magnesia for a quarter ot an hour, or. 
till if hjiS lost the property of reddening litmu% , While oils undergo 
the above changes, they absorb a quantity of oxygen equal to several 
times their volume." Dr. Ure might have «aid equal to half their 
weight. 



CHAPTER II. 

THE pTiODUCTION OF LINSEED OIL. 

The best-known and typical drying oil is linseed oil, a product of 
the seed of the flax plant Linum usitathsimum, a plant belonging to 
the natural order Linacea. 

On examining the flower of the Linacea, e.g. the flalt plant 
Linum usitatissimum, observe an inner whorl of live stamens im- 
perf5otly developed, indicated by short filaments without anthers. 
In some exotic allies the stamens are decandrous from the inner fiVe 



Fiq. 1.—The flax plant (Linum imtaiimmum), after Schadler. 1, flower leaf; 

2, outer leaf; 3, inner leaf; 4, 5, organs of fructiflcatioii and pollen vessel; 

7, cross section of capsule; 9, 10, 11, 12, seed, natural size and^nlarged J 
gross and longitudinal sections. * ' 

becoming antheriferous. A cross section of the ovary exhibits, ap¬ 
parently, ten cells. There are really five, each of which becomes • 
more or less “ spuriously " divided by the infolding of the dorsal 
suture of each carpel. There is also a tendency to a dimorphic con¬ 
dition in some species of flax, manifest in the different relative lengths 
of stamens and pistil in different individuals of the same specils; a m 
natural contrivance to favour the crossing of the flowers by insect 
agency. 

(9) 
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■■ The flax ^lant usitatits^um fg a native of Eurbpfe^ ancf : 

•Afri<», and indigenous to Britain. The’ term itsitaimim^m is well 
merited." The flax plaA bag been cultivated from very ancient times, 
paying been grpws by the Israelites so far back as wheft they were 
in’-Bgypt. Tlax is cultivated for two objects, firstly, its stem, 
\vhich yields by maceration the tenacious' fibres used in ffie manufac-. 
ture M'Jinen, now of guch vital importaaoe 114 the manufacture of 
aeroplanes that attempts are being made to resuscitate flax cultivation 
in Great Britain; this should never have been allowed to die out. 
Secondly, for its seeds, which by expression, or extraction by means of 
solvents, yield (a) linseed oil and (b) the cake or meal obtainable as 
a residual from oil crushing or extraction, a valuable cattle food, 
which when passed through the stomach of an animal becomes a 
rich and valuable manure. That is to say, as a fertiliser the manurial 



Pio. 3. Spray of flax GoUectivo luodo of growth. 


.ex^ta 18 almost as valuable as the oil cake itself was as a cattle 
food. Besides, the seed contains a valuable demulcent and emollient 
mucilage, which is of groat importance medicinally, and, when made 
by the wtion of boiling water into a mucilaginous drink for calves, is; 
ftn excellent substitute for their mother’s milk, 

Thel> Cultivation of Flax in Great Britain.—Fhx loves a deep, 
yiable, rather^ moist soil. It grows well upon land newly broke*n up 
from pasture. In Ireland it is usually sown by the small farmers 
after potatoes. A fine, nicely pulverised seed-bed is essential, and 
MIS ,is rolled after the seed is sown. The usual time of sowing is 
tom the middle of March to the end of April. Dutch seed is in the 
Jnghest estimation, affording a greater produce than the American 
8 W«, and a finer quality than the Riga. The after-cultivation ebn- 
Sists in taking up the weeds by the hand—the only way in which it 
.<»n Be^done.^and a tedious process if the land be at all foul. The 
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AisM by pulling up ,the plant by the roots.The fi*uit, is 
' 'cajole with 10 seeds, SJ to millimetres lon^. The produce in seed^ 
is irom 6 to 0, and sometimes as high as 10 or 12, bushels per'aoro^ 
^ftie best ortt is kept for sowing again, and the nex* quality is crushed 
for oil. Fl^X, when allowed to ripen its seed^, is a very exhaustive 
• crop, even moi-e so than corn, and in most parts of Britain w so- 
little understood thjisits ofHtivation has of late been very limitp'^.^ 
a great deal of flax was at one time raised in Ireland. Its oultdrar 
zone’is almost world-wMe. An extension of the area under cultivation 
at home, in India, and other dominions beyond the seas is urgent|, 

If superior fibre be deaired, then the flax must be harvested before 
the seeds are ripe, and the seeds are then small in size and poor in oih. 
.Although linen fabrics are superior to cotton the utilisation of flax 
flbres is in most countries quite a secondary matter to that sof the 
seed. The world’s production of linseed amounts to about 3 million 
tons 'yearly. The chief producing countries are India, the U.S.A., 
Argentina, La Plata, Kussiau Baltic, Black Sea. Smaller quantities, 
are furnished by Egypt, Roumania, North of France, Denmark, 
Holland, Belgium, and Hungary. 

Limeed Oil Mill Croas-Section. —This section shows roughly the 
methods adopted in the most modern and up-to-date mills for landing 
and warehousing oil seeds from ship or barge, lying alongside the oil 
mill wharf. In the first place, the ship elevator is movable on a, 
longitudinal tramway, so that the elevator can bo mov( d about from 
point to point, and the barge completely discharged even when it is^ 
aground. In connection with the tramway, there is a longitudinal 
band for taking the seed into the elevator in the cleaning and weir¬ 
ing house. The cleaning and weighing house would be arranged m 
accordance with the demands of the trade, hut generally would be aa^ 
follows: The elevator would lift the seed into a hopper over the 
weighing machine; from the weighing machine it would fall in,tO\, 
another hopper, and from thence would pass to the cleaning machinery; 
from the cleaning machinery it would pass to the main elevator ini „ 
the silo house: from the main elevator it would bo delivered to band 


conveyors, which would take it to any of the bins in the silo house.. 

' These bins would be arranged to discharge again to band conveyors, 
which would again deliver to elevators, and so’to the bins.over the , 
Anglo-American rolls in the mill. The bins in the mill wodld to so- 
.’arranged that they would hold enough seed for the night shift, when^ 
all the silo house and other machinery could be stopped. ‘ 

, Machinery for Cleansing Linseed. The Magnetic Separator, U» 
Use and Action. 1. Use. —The magnetic separator is largely used- in 
oil seed crushing mills for separating magnetically any stray pieces of? 
iron or steel, e.g. bolts, nuts, nails, hammer heads, and such like frcan 
seeds or nuts previous to being ground and reduced, thus obvitftidg: 
.Stoppages and complete .breakdowns. 

2. 4Mion .—The seeds or nuts are fed on to a shaki^'ti»jr» 




I. 3.-^ross section showing landing machinery, cleaning machinery, silo house and mill 
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(covered with sheet steel) which distributes the feed*even]y and forces' 
the iron or steel to sink by gravity to the bottom of the stream, which 
then*passe8 over the revolving magnetised cyliflder, the non-magnetic 
material falling down in front whilst the stiuy pieces of iron or steel 
are carried round past the bottom and released and dropped at the 
back. ' 



Fi<« I.—ilagiietic separator for separating fiaginciils of iron f(%m linHced. 


The release is effected in a veiy sini))lu manner by two commutators 
(one at each end) breaking the electric curient which circulates round 
the magnet coils at the moment each row passes the bottom. These 
commutators also connect each row as it conies to the top, thus 
magnetising them again. 

Machinery for Screeniny Linseed .—Sometimes the screens Ire 
circular. Such screens are used to free linseed from dust and humps. 
The barrel or body of the screen revolves in an inclined position,* the _ 
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'higher portion of it being covered with wire ^oze en^oieht to r^in| 
'the seed but to allow the dust to pass through. The lower paH of the 
•screen is made of wir6 of suih a mesh as to let the linseei ^ss 
through, while retaining any lumps or pieces of metal. «> The latter 
pass out at the. end of the barrel. Such a screen will cleanse 3 to 28-'' 
•cwt. of linseed per hour according to capacity. 

bnl^ing Bolts. —The seed passes front, the pleaning machinerj'. to 
the rolls or crushing mills where it is ground inlo meal. The meal 
is then elevated into the kettle or heater ivhere it is heated and 
tempered, this operation facilitating the flow of oil when in the press, 
whilst much albuminous matter is solidifie^. 

Moulding Machine. —From the kettle the heated and tempered 
.meal is drawn off into the moulding machine or former, where it re- 



Pid. 5. Screen for freeing linseecl from dust, dirt, send, grit, and metals. The 
‘ action of this machine are so obvious as to render description super- 


neives' a preliminary pressing before being pressed in the Anglo- 
■Araerican presses. As the cakes are moulded or formed by the 
moulder they are taken from this forming machine on steel trays pro- 
vided for the purpose. 

Presses .—As soon as one press has been filled by the pressman irf* 
this misnner Jte turns on the hydraulic pressure to tfie press from the' ^ 
pumps or accumulators, as the case may be. As the pressure* rises 
an the press the oil begins to flow from the compressed meal, at first 
slowly and then very rapidly, gradually ceasing when the bulk of the 
oil has been removed, and when the pressure has been on 3 or A 
mnutes the flow of oil practically ceases, the oil simply dripping away . 
from the now compressed cakes until the pressure is tufned off. If 
mote presses than one are being used they are filled one after the other 
until tfie whole battery of presses is charged. The presses'are allowed 
to retnain under pressure for a fixed period, which varies under Snehial . 
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.^l^ridiitions fwnf to''’40, minutes, andVhen tfie proper time !»» :■ 
. elajosed the first press is turned down, i.e. the" pressure is turned 
and^he ram allowed to descend, the cakes beilig removed one by one 
as» the ramedesoends and fresh charges of meal ^troduoed where-, 
ever a cake k removed. As the cakes are removed they are placed on 
a table new the paring machine. The man Aperating this paring 
machine then strips off thi) bags from the cakes, and pares ,Jhaf^oily” 
edges away from tMb cakes by moans of the paring machine, these, 
■oily parings being reducgd to meal again and returned to the kettle to ; 
be again worked up. The pared cakes are placed in racks in which 
they are allowed to stand until perfectly cool, when they can be re. 
moved to the cake house or stoi-e, to be stocked or delivered to ous- • 
-tomei-s as occasion demands. The cake racks are usually allowed to . 
stand in the most draughty part of the mill to assist the cooling prO'. 
«ess. In a like manner other similar small seeds would be tieatod, . 
as, for instance, sunflower, mustard, china beans, some kinds of rape, ‘ 
poppy, and such othei' seeds as require a single pressing only. ' 

ThK CKgSHlMI OK fjINSKBU. ^ 

Halls .—The first ))rocess in crushing linseed is to pass it through 
the rolls. It is conveyed to the hopper by an elevator or chute and 
distributed to the. rolls by a fluted feed roll the same length as the 



Pio. 6.—Rolls tor crushing linseed. 

feed rolls at the bottom of the hopper. From the feed roll it falls, o 
a gttide-plate,\'iwhioh carries it between the first and second rdli 
Alter passing between these rolls and being partially crushed i)i fall 
4>n S guide-plate on the other side, which carries it between the sebon 











Fiti. 7. Oil mill, with 4S Anglo-American presses. 
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and third rolls, where it is crushed more fully. It then falls on 
anotjjer guide-plate, which carries it between,the third and fourth, 
rolls, where it is ground more fully still. In the liwger rolls it falls 
on*a fourth ^ide-plate, where it is conveyed between the fourth and 
fifth rolls an€ receives the final grinding. The seed is thus crushed 
four times in its passage through the rolls, which, being brought^nto 
contact by a conibin%tion df a screw and spring, give a sinoifth and 
easily regulated pressure. When the seed falls from the bottom roll 
the grinding is found to Bo much more complete and perfect than in 
seed that has passed through rolls and under stones of the old de¬ 
scription. • 

The crushing of linseed resolves the seed into two components : (1) 
oil, (2) cake. Ijinseed only recjuires to b<‘ pressed once. The reason 
for this is because the cake is the most valuable feeding stulf winch a 
farmer can use, and its best preparation for use as a manure is to pass 
the cafe through the stomachs of cattle. liy so doing the value of 
the. calce as a fertiliser is rt.-duced very little. The seisl is therefore 
resolved by crushing into linseed oil and linset'd oil cake; the cake 
after passing through the. stoniachs of cattle excels as a fertiliser. In 
order to secure the best results in the crushing of linseed, thereby 
obtaining pure oil and a eakt' that will pass the scrutiny of the agri¬ 
cultural chemists, one or two matters must receive proper attontiori 
at the outset. (1) The seed must be )ieifeetly clean and free from 
earth, sand, grit, and other extraneous matter, (2) The seed must 
be free from all othe.r seeds than linseed. (11) (Dleilerous seeds 
of the lyjie of i.o...drying oils reduce all those chemical and physical 
constants which are ty^jiieal of linseed, and diying oils, besides being 
objectionable by impeding drying. Ijinseerl is sold generally on a 
basis of 1)5 jier cent, jiiirity and even as high as '.17 per cent. When 
crushing linseed of this degree ol purity it is not deemed necessary to 
attempt to clean it to a greater extent. But low’er grade impure 
linseed is screened by passing through sifting machinery. (4) Linseed 
oil may be contaminated with non-oleiferous seeds, or seeds that aro 
approximately so, which must lower the yield of oil obtained on crush¬ 
ing pro rata. 

• kleam-hmluiy Kellie, and Moiddintj Maeliiue. —The meal heating 
kettle is made fri»m steel boiler plates—not from cast iron—iB,5 feet 
6 inch^ diameter by d feet 2 inches deep, and it is stdhm-jacketed 
round the sides and bottom. The stirrer is actuated by self-contained 
driving gear—belt driving pulley, bevel wheel, pinion, vertical and 
horizontal shafts of polished steel, the whole being supported by a 
strong bracket fitted with gun-metal bearings fitted to the top of 
• the kettle. The kettle is fitted with: (1) internal steam spray for 
moistening the meal with control valve; (2) steam pressure gauge; 
(3) control valves for steam and condensed water; (4) automwic 
' shutter. The kettle is covered with hair-felt, for retaining the at. 
Coating, for the sake of neatness, is covered by sheet iroi^. The Itettle.^ 
VOL. I. 2 
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'&1t is supported'pair of strong'oasf-iron braokeffi;* which art 
se^ly doited to the mill-floor, thus preventing all vibration, y^tne 
Irttle is mafe from boiler plates, instead of cast iron, a much greater 
steam pressure An be sustained, without danger, so th^orushed shed 
can be treated at a, higher temperature, it need be. Jhe system of 
sast-irori kettles has been discarded for some time as Being liable tp 
fr^ute, explosion, and leakages. Supeftmpqsjd two-decker kettles 

are made to meet special requirements. , „ a 

Fig. 8 is ft vertical section of the steam kettle of Hftllette, ano 
a is the wall of masonry, upon which, and the iron pillar, b, the pan 
is supported. It is enclosed in a jacket, for admitting steam into the 
intermediate space d, d, d, at its sides and bottom; c is the middle of 
the pan in which the shaft of the stirrer is planted upright, resting by 



Fio. 8.—Hallette's steam kettle. Fio. 9.—A, steam kettle; B, mouldin 

inaebino. 


its lower end in the step e; f is an opening by which the content 
of the pan rnay be emptied; g is an orifice into which the mouth < 
thd hair oi^ worsted bag is inserted, in order to receive the^heate 
seed, when it is turped out by the rotation of the stirrer and tl 
withdrawal of the plug / from the discharge aperture; h is the steal 
Induction pipe; and t the eduction pipe which serves also to run c 
the condensed water. 

. After passing through the rolls the seed falls into a screw conveye 
which places it in an elevator that raises it to the steam-jacketed kett 
■(figs. 9, iO), where the seed is heated and damped by a jet of steam ai 
.agiljpted by a revolving stirrer. These kettles are of cast iron, and a 
ooSstmoted in the strongest and best manner. There is only one stea 
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MilaiKii tfiein, andfhat is faced in a lathe or planed quite true. There 
is th^ore, little liabUity to leakage—always a dreadful nuisance. ^ 
WtiM lagged, the kettle body is fitted with a wooden frame, <Mvei^ “* 
■*rith felt, an^the felt is enclosed in iron sheathing. *Up to this point 
the operations are automatic. . , 

Hydratiltc Cake-forming and Moulding Machines. — Like^he 
kettle these machineg.are ^uite self-contained. They are Aed to 



P:o. 10.—Seed heating kettle and cake moulding machine. 


measure the exact quantity of heated meal from the kettle suflioient 
to form one cake. This quantity of meal is subjected to a prelimiMry 
pressure previous to being placed in the hydraulic preM. The.v. 
madhine is fitted with a balancing measure frame, made of hardwo^^_^ 
lined with sheet steel, and is complete whh meal ^*1—. 


Uoakting machine. 
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6 inches diameter, working in connection with the low pressure ae- 
• cumulator at a pres^re of 500 to 700 lb. per sq. inch, such pr^sure 
being generally sufficient to show a film of oil on the press cloth, 
the seed prior to*compression being about 3^ inches de^p, and bffing 
reduced by pressure, to about inches. Each machin^is fitted with 
in^roved automatic arrangement for giving the pressure. With this 



type of moulding machine one man can with perfect ease measure, 
mould, and compress sufficient cakes for four presses, making 64 cakes 
in 20 minutes. 

The automatic moulding machine is worked direct from the low- 
pVessure accumulator, and possesses the following important advantages 
ove» the ordinary type of machine:— 

,. Greater Capacity and Output .—Working in conjunction with 


FiG- 11.—Sydraulie cake.mouldiDg oachitie. 
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a fpur'decker kettle it is capable of heating and moulding sufficient 
cake^for sixteen Anglo-American presses, making 256 cakes every 35 
minutes. A double kettle and automatic moulding machine is'egual 
to tWo kettles’and two moulding machines of the old type. 

2. Laboul^ Savin ;/.—There is a great saving, Only one man is 
required to mould the cakes for sixt<‘en presses as against four men 
with the ordinary typg of mSchine. « ^ 

8. Efficiency. —The work is better and more satisfactorily done 
than by hand moulding, ulid the cakes, besides being pressed from top 
and bottom, are also compressed at sides and ends, so that the seed is 
not apt to spread when pie(«od in th(‘ liydraulic pi'ess. 



Fig. 1:2.—Shewing tlie intcriml working of a Iiainl-wroiiglit liydniulir pump and 
. press. 

4. Ecanmuy of Mill-Jloor S/iacc. -This is considerable. 

5. Cost Liijviflati'il by Sariny in WaycK.—li the first cost of the 
double^ kettle and automatic moulding machine is slightly jjbeater 
than the cost of two ordinary kettles, yet the saving in wages, say 50 
to 60 shillings per week, working day and night, jiays an enormous 
interest on the increased cost. 

The automatic moulding machine is now, on account of its many 
advantages, gradually rejilacing the ordinary hydraulic or steam- 
moulding machine, fn the largest oil mill in this country there were 
until recently twelve automatic moulders, each with three kettles, sePv- 
ing ninety-six standard Anglo-American presses, when six more of 
these machines, each with four kettles, were installed, both kettles^nd 










. , niMljiJifes working m con|tmction wifc anothw set of mnet^- 

j '^Bix presses, each moul^ng machine fee4ing a battery of the press^. '* It 
is, advisable to install two, three, or four-decker_kettles, according to 
jjithe number of the presses to be served,^ so as to ensure tetter lieafing 
' and moistening of tfie meal than when a sin^e keltle'fc used. The 
this method of working is that the yield of oil will be con-v 
^rsideraily increased, the amount of oil leff in tk^cakes being of course 
“Correspondingly less with a larger percentage of moisture. 


m 


'iiiiimm 


^ Fig. 13.—Sectional drawing of a 
* Gc|maii oil press. 
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Showing a longitudinal see- 
tional view of the circular cake oil 
press shown in Fig. 13 after the 
press boxes have been charged and 
pressure applied. Note the new 
position of the ram B and the oolleol 
tion of the oiI,in F from which it' 
flows by spouts G to H, 


_ The bags containing the seed are placed in the cavities of .the 

B working 

is It ascends, each bag is energetically compressed between the bate 
e press box containing it and the projecting bottom of the box 

r”' hooves' ■ 

k 4?^- delivery spouts JJ, an^ thus through the nines to 

he Vertical oil shoot JI leading to the oil reservoir. ^ ^ i 





























;'l&e'Sj'draiSKo pwW'M S'&d^in'oii oi^lhing’a^ Biw 
^ rgfcUly understood from a qareftil study Rgs. 13,118, )»hd UJ 
The pr^ss instsdlation below, shows two sets djF t^e lateit i^d - 
im^roved tj^ of " Premier ” presses as used in t)ne of the “ino^ 
important od mills in England. Eaoh^.set consists of two presses ' 
having "cages’’ or cake chambers 19 inches (diameter and 9 feSt ^ 
long internally. EacJjpresAas its own kettle 5 feet diameter b^STeet 
3 inches inside dimensions: the wholet installation, is constructed, in . 
fSct, on the most modern* lines and is suitable for a working pressdre 



3 tons on the sq. inch of the ram. The presses illustrated are for 
the moment engaged on the first pressing of castor seed. The seed is ‘ 
fed whole to the kettles heated by steam to a temperature of about>:< 
90 P. and afterwards pressed in the presses to the pressure indicate^; 
rhe resulting cakes contain only 10 per cent, of oil and frequently^’ 
^ss, r^nt analyses showing only 8-5 per cent, of oil remaining in th<|^ 
sake. ' The percentage is on the weight of the cake, and nqt cgi tfis 
total amount of oilhn the seed prior to crushing. . • "*.0, 














■Ground plan “ Anglo-Premier ” iniJ] for oil seeds requiring twice pressing. 
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, These mills are on the Anglo-American system worked in com- 
, bina^on with “Premier** presses, and are dj^signed for expressing 
the oil from seeds and nuts which require two pressings, the 'first of 
wlfich may b8 either hot or cold. • 

The mill •^illustrated in the plan is designed^ for the working of 
ground nuts, sesame (gingelly), and otlier similar small oil seeds,^d 
consists of a No. 4 Ai^o-Aitierican mill working in conibinatici^ith 
A pair of “ Premier” presses. 

The process is as follows; The seed to he treated enters the mill 
at point A, and is ground hy a set of Anglo-American rolls B; the 
rolled seed is placed hy the elevator C into the kettle D of the 
■“Premier ” presses and the first ])resKing elVecled in these presses EE. 
The cakes from this pi’ossing are then broken up hy the ciike-hreaker 
F, and falling into the elevator (i, are fed into a disintegratot H, 
which ^reduces the broken pieces to meal, which is placed by the 
elevator J into the Anglo-American kettle K, from wliich it passes 
throu^i the motdding machine h to the Anglo-American presse.s M 
(four in number). The j)Jiring machine is shown at N, and the pressure 
pumps at 0. • 

These mills are made up to any si/e, the ahovti being a single 
block or “unit Tiioy can at any tim<’ hf‘ worked on the ordinary 
Anglo-American system for linseed, cotton seed, etc. 

The hydraulic presses on the “ l^eeds ” system are spf'cially designed 
lor pressing the oil fi'om ])alm Keinels. cttpia, castor, sesame, ground 
nuts, East Indian rajie, (Jerman rape. })op])\ set.'d, etc., and are equally 
•suitable lor cold or hot }H'essing. Owing to the high percentage of oil 
contained in the ahovts seeds and nuts, it is only possible to extract^ 
the oil efficiently when the meal is conlineil during the time it is 
subjected to jiressure in a jtressmgcage on the “ Leeds ” system. Hy¬ 
draulic presses on the Anglo-American and similar systems are un¬ 
suitable for any kinds of seeds oi' nuts which yield morf; tlian 35 per 
cent, of oil in the first ])reKsing, owing to the difiiculty of ktseping the 
meal from spreading an<l escaping to a large (extent from such jiressefl 
immediately it is suhjecUsl to jircssui'e. llydiaulic jx-esses on the 
“ Leeds” system aie nsuall) woi’ke<l in hatteiiesof two, three, or four 
presses receiving their su])])]y of meal fiom one kettle, the latter being 
suitable for working tin; meal either in a hot or cold state. The 
presse% possess the following a<lvantages * 

. 1. The pressing is practically conlmuous with the exception of the 

time required for eni])t\ing and filling the pnissing cages, the remain¬ 
ing presses being in the meantime under pressure. 

2. The improved “ Leeds” pressing cages are so constructed that 
^ the meal when under jiressure is retained in the cage, the oil in the 
meantime being extracted and flowing fretdy through the minute sl^te 
of the cage, falling by gravitation into the receptacle at the bottom of 
the presses and thence into a special settling tank. The edges of the 
pressed <^ke do not require paring. The quantity of see^ whicli may -, 







irom cage auntig the process of pressing is iredu<^ 

Ah endrtooas saving of press cloths or. naits (apptffi^ 
tnately 5Q per cent.) in comparison with those.used in i^ngln- A niait in^a ' 
OE similar‘pi^sses. Easy manipulation and econotHy in Jabouri^Qi;, 
Tfikilled' men ^ing required. For working four of the Ingest 
gr^ses only three or four men are required. * 

;^»'.:Eaoh press hold|^ixt(^n cakes, and is furnished withi«^K 
cylinders 16 inches in diameter, which carry a working- pressure 
of IJ tons on each square inch of the ram. All the oolumas^' 
cylinders, rams, and heads are planed and turned accurately to gaugesi j 
tO'Cnsure that every part will take its due proportion of strain and ' 
ho more; the pockets that take the columns are not cast aB<isusudd.' 
with fitting strips top and bottom, but are all solid throughout, and are 
•( all machined out of the solid to gauges. , •* ' 

Pumps .—The pumps for working the presses in the Anglo-Americh#* 
system^of oil crushing are made of the highest class of cruoible'cast^ 
steel, and are all hoiexl out of th(^ 
solid. Two of the pump rams ai e 
* 2^ inches in diameter and base a 
stroke of 7 inches. These rams 
give only a limited pressure, arul 
the arrangements are such as to 
give the limited pressure on each 
. press in about 14 seconds. The 
pumps then atop automatically. 

The work is then taken uj) by 
two other jmmps having lanis 1 
inch in diameter and a stroke of 7 
inches, and is continued by them 
until a gross pressure of 2 tons 
per square inch is attained. This 
is .the maximum and is arrived 
at in less than a minute. The 
oil as it comes from the presses 
falls into the tank underneath, which serves as a foundation for thi 
presses, and is pumped from there into the store cisterns. 

The cake plat«s between which the meal is pressed are all yyel 
fitted apd have a corrugated surface. If a brand be required Stx thi 
•^ke, say, letters about 3 inches long are clearly cut into one Sidi 
x>f the plate and all the remainder is corrugated. These plates ar 
all made of wrought and cast malleable iron. ’ > f ■*’. 

Cake Paring and Moulding Machine .—The cakes require .paring 
^ yhe parer strips his cake and lays a number of these on a stool^o 
tab)e. He takes up one and lays it on the machine, havingiohe’sidi 
.^patpllel £o the trough and overlapping it about an inch, one end beiS| 
ft placed against a fence, either to the right or left, depending on Vh^ 
istoke ihe machinq is taking. The knife'block passes along an^^t 



Fu). IS.-Hydraulic pressure pumj». 
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one 8i3e clean and straight. The cake is now turned oVer and tii» 
other edge treated in^ similar manner. He now turns the cal^ half 



Fill. 19.—Hydriinlu: pump. 



Hmmr 


Fio. 90.—A rectangular cake plate with Japanese brand. 

romd, places one side against a fence, and cuts off the oily part at 
one^^end, then reverses the cake and does the same with the other end. 
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The cake is now ready for the market, and has been pared by two 
doubip strokes of the knives, the speed of whi(jjh is about thirty per 
minute. Fences or gauges may be added to give all the cakes one 
exact length and breadth, but these make more parings, as the fenoea 
have to be sef^to suit the worst cakes. These machines can be driven 
by a shaft either parallel with or at right angles to the knife bar, said 
are suitable for paring,either*parallel or taper cakes. 



Th% Double rarini/ Machine .—This machine is desij^iied to pare 
^the pressed cakes from the presses to one uniform size and suits either 
taper or parallel cakes. .411 the moving parts, with the exception of 
the driving pulleys, are under the table, this system securing great, 
steadiness in running. The pai ings, after they are cut from the cakes, 
drop into a central trough (in the table) fitted with a worm conveyer 
which carries the parings automatically to the paring stones and with 
improved chopping knives which break up the parings. Each paring 
machine is suitable for paring the cakes from 
American presses, producing 256 cakes per hour, t 
requir^, who also strip the press cloths from the 


two sets of A«glo- 
wo attendants Jieing. 
pressed cakes. 



















“ ideWidal .with thS-ifliboVii exdeiiilthal 
tf k.Snifeble only for ;paring the cakes from one ^t of Ai%lo-^«ricam 
^SMi, proauolng l 28 cakea per hour, one attendint teing ^uired..|J 



Pio. 22.—Edge runner. Front view. 


_ Combined Paring and Triturating Mac bine.—This machine is 
Identical with previous ones, but is fitted with improved machine for 

triturating or granulating the cakes 
from four Anglo-American presses, 
producing 128 cakes per hour. 

Edge Runner.i for Grinding 
Cake Parings.— 1 . Geardriven from 
above (Figs. 22 and 24).—The pat; 
ings are taken to the edge runners 
to be ground. These are made of 
the best Derbyshire grit stone,' and 
are furnished with » set of oast-irqn 
centres. One centre has^a long 
boss on it, which passes right 
, _ . through the stone and the centre 

I ; ' runnor. Plan. on the opposite side, and has a long 
... • . „ , brass fixed on each end of it. These 

Optres are securely fixed to the stones with bolts that pass through 
hem, and they are also run into .the stones with lead or cement. * On 
hfe outside oentre there is a cap fixed with screWs, quite oil-tight and 
^ Mongh to hold several pints of oil. The spindle On which the 
^ie^volves passes through the oentre of the upright shaft, and the; 





•W>^1<^ in fte oil-oups d^ribed above, and wvol^ anfoj^ lffi 
oontt&ed in’ them, thus causing such a pei?ei't Ittbiioatioh Of i% 
epih^e aa to iftake it quite unnecessaiy to withdraw•iroffener 
once, in SOTeral months, The casting that carries the vertical sbV 
!P^88M tbrouglf the bed-stone and goes beneath it* projecting beyoht 
ita cirouniferenoe at six point*, where it la attached to the oiroula^; 
Above by six brackets. The top of this casting is fitted with a*^‘ stej^^ 



Fio. 24.—Edge-stones. 


construi^ted in several parts, which can be removed or re|)laced*in a 
few minutes without disturbing the driving wheels; The vertical 
al^ft is made of cast iron, about 7-^ inches in diameter,. having tin 
oblong chamber or navel formed in the centre, into which is fitted a 
'j«trohg oast bush having a brass bush at each end through which th^ 
•^tone spindle passes. The bush is free to rise and fall in the navel 
^material is added to or taken from the stones. All the sweepers and 
: -sweeper frames are made of wrought iron. The circular pan is madh 
'■/Of Mst. iron, dished slightly, and having a rim round its oiroumf^t^M. 
?T deep. All the bearings are brass,. made very hea^ dho; 
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i unusually long. The ground parings are carried from I_ ^ _ 

by a conveyer, from which they fall into the seed kettle. 

2.'Belt driven from underneath (Fig. 23).—These 'stones are oon-r 
* structed in a siAilar manner to ordinary pdge-stones, btft are provided 
with two earfe plates instead of one. The higher carfe plate ia per¬ 
forated so that the material that is being ground may ^ass through it, 
as S»n as it is sufiicientlj'pulverised, wlen it.falls on the lower plate, 
where it is gathered together and discharged through a shuttle at any 
convenient point. The fineness or coarseness of the perforations tegu- 
lates the texture of the ground material. For grinding anything that 
has to be reduced to an almost impalpable powder, these stones are un¬ 
suitable, but for grinding any material that is improved by being kepi 



hghtly granular they are invaluable, as they do much more work 
.ihm ordinary stones, and can he arranged to teed and deliver in a 
self-acting manner. They are used principally for grinding cake 
pantos, w^iich they reduce to meal ready to be returned to the 
K6ttl6. e 

Tlie Bathurst Kettle Controller.—This appliance is to prevent the 
erratic charging of presses whereby the quantity of meal in the kettle 
18 constantly varying, with the accompanying result that the tempera- 
tura and proportion of moisture also varies so as to seriously affect. 
both the yield of oil and the appearance of the cakes. It has been 
Specially desired for use in conjunction with the patent automatio ^ 
ketye >nd cake-moulding machine, each of which easily forms the 

j one attendant. 
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but it is also equally applicable to'any hydraulic oake-tnoulding 
macj^ine. It regulates the number of cakes that can be made in any 
given time, and the attendant can only forfii a cake at such in¬ 
tervals as ma"y be detennined by the mill manager, thus ensuring that 
the meal shall be evenly mixed, uniformly heated, and regularl^ dis¬ 
tributed to th*h presses. Inter alia, thei'e are a very great reduction in 
wear and tear of bafjging, # better and more regular yield of .ojUtt a 
lower working pressure, and the improved appearance of the finished 
cakes. This regularity is got by aid of a hydraulic control valve 
which allows the pressure to pass only at predetermined intervals. 
The valve is actuated by a.worm and worm wheel from the kettle, 



Pio. 20.—Bathurst kcttlo controller npplicfl to tlio paUnit self-acting seed 
, kettle and cake-moulding machine. 

jipright or cross shaft, or from any other convenient shaft, and any de¬ 
sired variation of speed may be obtained by change wheels. This 
control apparatus*can be applied to any existing moulding macljine. 

Ilifdranlic ('jafe/r.v. -Gauge, Fig, 27, of the most improved con¬ 
struction and fitted with maxirtiiitn indicator, with lock-up, including 
piping and fittings connecting the gauge with the press. A similar 
gauge to Fig. 27 is sometimes fitted with an alarm hell mounted On 
a polished board. The bell is intended to ring when a certain 
predetermined pressure has been reached. The l)ell contains a clock 
movement, which is wound up by turning the knob on the top^of 
the bell, and is set in action by a set of rods connected with the 
spring of the pressure gauge. The pressure at which the alarm 
VOL. I. 3 
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be given is arranged by setting an index pointer to the desired pressure 
on th^oale, the pointer being secured to the vertical rod in the desired 
position by means ot two small milled nuts. * The action of this 
apparatus is vefy reliable, and it can be confidently redbmmended. 

The Automatic Mechanical Control of Oil-seed trushing. Green¬ 
wood tt llallc^s Aiilomalic Recorder. 

Description. This apparatus is designed to give a continuous 
record, in the form of a diagram, of the work performed by a system 
of hydraulic presses in the course of an interval of 12 or 24 hours. 








' iillACe 
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which this pressure was maintained. (4) The rate at which the 
pressure was reduce^, and the time occupied in reducing the pijessure. 
(5) The number of times the several presses were brought into opera* 
tion, and the distribution of the work during different parts of the day 
or night. The apparatus is attached to a wall by means of a bracket, 
Sipd .the pipes projecting beneath the apparatus are connected to the 
cyfthders of the presses. The pressure worn ^ch press enters a steel 
tube, which is constructed similar to those employed in high pressure 
gauges. The displacement of the end of the tube is transmitted to a 
parallel motion carrying a pencil, which marks the diagram on a slip 
of paper mounted upon a drum. This drum is rotated by clockwork 
at the rate of one revolution in 12 or 24 hours, the hours being marked 
by vertical lines on the diagram. The upper part of the apparatus is 
enclosed in a glass case, which can be opened and locked if required. 
The indicator is arranged to register the work of four presses simul¬ 
taneously on the same slip of paper, the diagrams of the different 
presses being entirely independent. The apparatus is made very 
strong, the workmanship being of the highest excellence throughout. 

Valves .—Ever since the introduAion of accumulators into oil 
mills an automatic valve has been a desideratum. It is claimed that 
the “ Ideal ” valve supplies this want. The whole of the fittings are 
contained in a solid, forged, mild-steel block, and all are of special 
quality gun-metal or cast steel. The valve is entirely automatic in 
its action and does not in any way depend on the attention of the 
pressman, who only has to open the valve when he is ready to send 
the press ram up and close the valve when the press ram is to be 
I lowered. When the admission valve is opened the low pressure 
flows through a regulating valve at full bore until the slack in the 
press is taken up, at which time the resistance in the press gradually 
closes this regulating valve, thus reducing the speed of the rise of 
the ram and saving wear and tear of bagging. This valve, however, 
does not quite close and consequently the pressure creeps on until 
the maximum pressure of the low pressure accumulator is reached, 
when the high pressure valve is automatically opened and the low 
pressure service is cut off by a check valve. The flow of the high 
pressure is also regulated by suitable means to prevent a too rapid 
rise^of the ram. When the pressure has been en the press for the 
desired leifgth of time, the admission valve is closed and the press 
ram falls. Special stop valves are supplied in each main valve so 
that the valves may be ground in when necessary without any other 
•press out of action. The “ Ideal ’’ valve is simple and efficient and is 
not likely to get out of order, and once adjusted is always adjusted 
and certain in its action, and its makers claim for it a maximum yield" 
^ oil and a minimum wear and tear of press cloths. The system 
can also be applied to presses working with three pressures, such valves 
belhg chiefly used in connection with cage presses. 

Extraction of Linseed Oil from the Seed by Solvents .—As linseed 
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does not lend itself kindly to extraction by solvents, the process is not 
of inuportanoe; those interested will obtain fu11j)artioulars in Andes' 
“Vegetable Oijs ” (Scott, Greenwood A Son); in addition Figs. Si, 32, 
33, are shown, illustrating character of plant employ^. 

The main reason why linseed is not submitted,to extraction is due 
. to the fact that the residua^ meal would he devoid of oil oopte|^t. 


i-Opj 

□rcitri 


0(g-g 

CO. ("Xtylui' 




A, River crntt. 

B. Ship elevator. __ ..j . j .. 

(’• Seed oleamiig screeii'i. j i 

I>. Band conveyers. : ] » j 

E. Orain silos. i j | ” ■ 

F. Crushing rolls I i 

< 1 . Nut breakers - . - | -1 - 

H. Elevators. L I L 

d. Preparatory rolls. •. — ^—■ 

K. Extracting pots. 

k. Bins. V.aeunm oiliseparators. 

.M. Drying machines. ir. EvajK.rating stills. 

N. &irew conveyors. V A W. IXiphlegmator plant. 

P. Pulverators and weighing mathiiu's. X. S ilvent trap tank. 

« • Y. Solvent stores. 

K. Boilers. yi^ Mixed holvent tanks. 

S. Condeisers. Z. 0,1 ^tore tank. 

F.g. 33.—Ground plan of solvent extraction plant to treat GOO tons per week. 

Ilixtractive methods, however, are employed in the laboratory, for in 
or^nised mills it is reasonable that each delivery of linseed should be 
regularly sampled and the percentage of oil ascertained by means of 
some such apparatus as shown in Figs. 34, 35, 36, the working of 
which is illustrated by Fig. 34 and explained as follows:— * 

The solvent distilled from B ascends tube A into condense# K, 
from which it falls on to a weighed amount of material Jo* be 
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extracted, enclosed in a “thimble" of bibulous filter paper, or in its ■ 
abseiy^ in fine wire gauze, and laid in the wide central tube of A; ; 
from which, charged with oil, it runs off automatically through left 
syphon tube into B, whence it is redistilled, and so tSie o 5 'ole goes on 
until the material is exhausted of oil, when the flask is detached, the 
ether distilled off, and the residual oil weighed. 

By such means dgtennifiation of the oil content of oaka from 
the different presses would also be made, hence avoiding production 
of unsaleable cake caused through want of oon-ect oil percentage 
guaranteed by vendors. Example: If an oil miller purchases 1000 
tons of linseed containing it5 per cent, of oil, and he guarantees his 
cake to contain, say, 13'3 per cent, of oil, when stocktaking he should 
be able to account for 200 tons of oil and 750 tons of cake of above 
oil content. The following table gives percentage of oil obtainabib by 
extractive methods from different seeds, etc., also percentage of oil in 
cakes.:— 


PEKCKNTAGK OF Orr;.S IN DIFFEllENT SKEDS, KTC. 




100 Piirtn of Ka<'h. 

Oil i>er (Vat 

Walnuts. 

40 to 70 

Castor-oil seeds .... 

02 

Hazel nuts .... . . 

r,o 

(iarden cress seed. 

50 to 5S 

Sweet almonds. 

40 „ 64 

Bittor ,, . 

28 „40 

Poppy seeds. 

56 „08 

Oily radish seed. 

60 

Sesaiuum (jugoliiio). 

60 , 

Liino-treo seeds. 

48 

Cabbage seed. 

80 to 39 

White mustard. 

80 „8S 

Rape, Colewort, and Swedish Turnip secdH . 

83'5 

Plum kernels. 

83-3 

Colza seed . . .... 

30 to 40 

Rape .. 

30 „ 30 

Epphorbium (spurge seed) . 

30 

Wild mustard seed. 

80 

Camelina seed .. 

28 

Weld seed. 

29 to 80 

Gourd ^. 

26 

Lemon .. 

26 

Onocardium acanUte, or bear’s foot 

25 • 

Hemp seed. 

14 to 25 

Linseed. 

.36 „ 45 

Black mustard seed. 

15 

Beech mast. 

16 to 17 

Sunflower seed. 

16 

Stramonium, or thorn-apple seeds 

16 

Qrapestones. 

14 to 22 

Horseebestnuts. 

1-2.. 8 

St. Julian plum. 

18 


To obtain the above proportions of oil, the fruits myst be^aR of 
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go^ quality, deprived of their pods, coats, or involncra, and of all the 
parts destitute of oil, which also must be extracted in the best manner. 


percentage «srD ratios of oil and free FATTY.ACIDS in OTT 
__ , SEEDS AND IN OILCAKES 

* /. I , C*kes. j 



100 Parts of Sewl 




1 


contain: 

100 Parts of 

Fatty Acid 


i 




tho Total Oil 

i Total Oil! Free Fattv 



■ 

contains 

ill Cake. 

in Cake. 



Free Fatty 

i Total 

Fatty Addni 

Per Cent. 

Per Cent. 

Per Cent. 

___ 

Acids. 

i Oil. 

1 




Rape* seed . 

Kohl Kabi seed 
Poppy flced , 

Earth nut kernels 
husk . 

Sesame 

Palm kernel, with 

0-4:! 

0-32 

3'20 

1-91 

1- 91 

2- 21 

' 87-75 
41-22 
46-90 
46-0<l 
4-43 
51-59 

1-10 

0-77 

0-00 

4-15 

43-10 

4-59 

0-93 

6-00 

1-42 

0-15 

8-81 

9-63 

7-05 

15-44 

10-55 

58-89 
. 18-02 

40-29 

6 per cent, husk 
Koprah 

Castor. 

Linseed 

4*10 

2*98 

1*21 

49-10 

07-40 

40-32 

8-53 •' 
4-42 

2-52 

1-47 

1-31 

1-27 

10-39 
13-11 ' 
0-53 ; 

14-28 

10-51 

20-07 





0-75 

8-81 1 

9-75 







CHAPTliE III. 

COMPOSITION OF LINSEED OIL—MUCILAGE OR FOOTS. 

Freshly crushed raw linseed oil, or even oil that has not been tanked 
for some considerable time and has thus earned the distinction of old 
tanked oil, in other words, eil that has not been allowed to settle out 
by direct depo.sition, not only its suspended matter but also the im¬ 
purities which it holds in solution, undergoes a change when heated to 
400° F., a change by which the previously clear yellow becomes trrrbid. 
This change the oil boiler or varnish-maker describes as “breaking” 
or “ spawning Gelatinous transparent flakes appear in the oil about 
the size of herring scales. Although they, eventually aggregate to¬ 
gether into masses slightly darker in colour than the raw oil, none the 
less the removal of this breilk or spawn from the oil by filtration is 
exceedingly difficult. But the flakes at the moment at which they 
separate from the oil are colourless, clear, and transparent as the most 
colourless mica flakes, and it is said to be a characteristic of Baltic 
linseed oil that when heated to the breaking-point it assumes a beauti¬ 
ful blue colour, which the author has observed in many cases, but 
whether all such were Baltic oils he is not prepared to say. In any 
case, the blue colour is only transient and is much jialer than the 
previous yellow colour. There is no doubt that the oil under th^ 
action of heat throws out colourless mucilage, and the colouring 
principle of the oil is carried down therewith as foots. Foots, 
do not by any manner of means consist of the break nor of mucilage 
pure and simple. The volume or bulk of the break gives one the 
idea that the proportion of mucilage in the oil is somewhat large, 
but the actual weight present is very small. Thompson heated 2^ 
kilogrammes of linseed to breaking-point. The oil was cooled and 
filtered. As the precipitate clogged the filter it was removed to a. 
glass where it was washed with petroleum ether by decantation- 
j?he non-oleagino»s residue weighed 6'93 grammes = 0'277 per cent- 
of original oil. On ignition a portion of this residue gawe 47'T9 per 
cent, ash = 0T177 per cent, of original oil. The oil filtered from, 
break contained 0'0039 per cent. ash. 

ANALYSIS OF ASH FROM “ BREAK ” OF LINSEED OIL. 


CaO .... 




Per Cent. 

. 20-96 

MgO .... 




. IS-64 

P,0. .... 




. 69-86 

SOa . . . . 




. trace 

Total . 




. 9^ 


(43) 









WISE “MAKUFACTC^' OB' TASaWSH?^ 

;; The ash from the “ break ” contains PjOj, an excess ol wnat would 
form an orthophosphate with the bases present. The oxygen ir^ the 
PjOj is to the oxygen in the bases in the ratio of 5 to 2, corresponding 
closely to that required by a pyrophosphate. * 

TABLE SHOWING? ASH PEIi CENT. IN VARIOUS SAJfPLES OF 
» • AMERICAN LINSEEf) OIL. 

Sameles. * 

1. 2. 3. i. 

Per Cent. Per Cent. Per Cent. Per Cent. 

0-1429 0-1967 0-0609 trace 

1. Freshly double filtered raw American linsded oil. 

2. Freshly double filtered raw American linseed oil. 

3. Oood well settled raw American linseed oil. 

4.1 Best American varnish oil. 

ANALYSIS OF ASH FROM SAMPLE 1. 

Per Cent, of the OiU 


CaO. 0-0235 

MgO. 0-0221 

PjO,.» . . . 0-0705 

K.jd. 0-0043 

SOj. 0-0027 


Here again the PjOj is in excess of bases and present lai-gely in 
pyroform. Thompson quotes Mulder as speaking of the presence of 
CaSOj in linseed oil (but that has been shown to be quite wrong). 
No one, says Thompson, had hitherto mentioned the presence of phos¬ 
phates. To locate origin of ingredients of linseed oil ash, Thompson 
analysed the ash from American flax seed and the linseed oil cake 
made therefrom. 

TABLE SHOWING PERCENTAGE OF ASH IN AMERICAN LIN¬ 
SEED AND IN THE LINSEED OILCAKE MADE THEREFROM. 
(THOMPSON.) 



L.iiheed, 

Oilcake. j 


Per Cent. 

Per Cent. j 

Ash. 

3 112 

4-899 1 

N.A . ... 

1-83 


FcAAIA .... 

1-25 

1-59 ! 

CaO*. 

y*4G 

9-24 ! , 

MgO. 

18-31 

18-52 : 

KjO . 

26-18 

26-14 

NojO . 

1-71 

3-59 : 

SO,. 

8-96 

3-51 

PA. 

36-i4 

36-28 ! 


' * These analyses confirm previous ones. If the ratio between the 
oxjfgen and the bases and the oxygen in the phosphoric anhydride in 
An ojthophosphate be as 3 to 5, then the bases are here in excess. The 
-PjO|, CaO, MgO are dissolved to some extent by the oil. Very little 
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of the chief ba^ potash is taken up by the oil. Schmidt, Kirohne^,^^ 
’ and^oHans report^ phosphates in the mucilage from linseed. These S 
phosphates in linseed are probably largely combined with mucilage, 
and the com^und so formed dissolved to some exten? by the oil. Thia 
requires confirmation. Thompson examined a ]jortion of thoroughly , 
extracted break for mucilage and obtained no reaction. The break was' ,' 
heated with dilute HCl for afew seconds, cooled and filtered, amialo^ol . 
added. No precipitafe was obtained. It may have been, says Thomp¬ 
son, that the mucilage was decomposed at the temperature applied. 
Thompson tested for albumenoids in linseed oil and found nitrogen 
less than 0 01 per cent. The same sample showed 0’04 P. This pointa 
to the phosphates being comparatively much greater than nitrogenous 
matter. A portion of extracted break showed some N, although less, 
than 1 per cent, of the “ break The P, on the other hand, amofmted 
to 9'60 per cent, of the break = 57 per cent, of ash in break. 

Mucilage is therefore a normal ingredient of raw oil which from 
a technical point of view is generally regarded as an impurity. More¬ 
over, unripe wet seed yields an oil rich in mucilage. Linseed oil 
which has passed through i# filter press contains little mucilage. In 
many factories it is filtered through cloth filters, and the mucilage 
retained is mixed warm with the next batch of freshly cleaned seedi 
and pressed. The oil so obtained is l ich in mucilage. When linseed 
oil is stored in a tank it deposits a large amount of mucilage as foots, 
part of that dissolved by the oil. Mucilage is not a simple body, it 
varies with the different substances present in the seed which during; 
the process of oil crushing pass into the oil. The amount varies under 
whatever cii cumstances but very little. However, linseed oil may bp 
clear and bright and yet contain mucilage. When such an oil ia 
rapidly heated to 250° to 300° C. (482° to 572° P.) the mucilage separatea 
out in flakes (the oil often assumes a bluish-green coloration). The 
foots occupy a large space and there seems a great weight of them ; 
they are extraordinary bulky so that their actual weight turns out 
very small. Mucilage appears during the conversion of linseed oit 
into boiled oil so that its removal is desirable. Mucilage-freed oil i» 
termed “ varnish oil Instead of removing the mucilage by heat, 
•attempts have been made to precipitate the mucilage by cooling. 
G. Bentz exposed mucilaginous oil to a temperature of about - 4° C. 
for abput 24 hours, and on again warming the oil so treaded onl^ quite 
a small quantity of the separated mucilage again dissolved in the oil. 
According to Niegemann this conclusion regarding linseed does 
not agree with his own researches, in which it dissolves during the"' 
separation of the unsaponifiable. It is therefore absent. The un- . 
saponifiable content of linseed oil is a homogeneous waxy mass 
soluble in hot alcohol. Bomer crystallised the unsaponifiable from 
linseed oil, three to six times from hot alcohol, and thus obtained 
colourless monoolinic crystals of phytosterin, m.p. 137'5 to 138° 0, 
The variations in the properties of phytosterin are accf)unted^fdr by 
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the fact that various vegetable oils, in addition to phytosterin contain 
•other alcohols of hi|h molecular weight, also carbides in small 
quantity. Niegemann’s statement that linseed oil unsaponifiable 
contains unsat^ated albumenoid bodies is unfound^, as during 
saponification these would be resolved into substances insoluble both 
in ether and petroleum ether. Besearches have showh that linseed 
oil cooled to near its freezing-point—vizj'to about - 20° C,—and then 
filtered at a little higher temperature, was always below 0° C. The 
linseed oil so treated was no longer turbid, and the precipitated 
mucilage was oil-free. Fraine heated linseed oil with a small quantity 
of ground quicklime, but according to Niegeinann the oil so treated 
darkens on subsequent heating. Stelling prepared a special filter in 
which the mucilage was subjected to catalytic action; it was first 
treated with a solution of nitrate of manganese, then with a solution 
of borax. Fuller’s earth has been used to free linseed oil from muci¬ 
lage. The oil is filtered through a deep layer of the coarse earth or 
it is intimately mixed with the finely pulverised earth and’passed 
through a filter press. That the mucilage is completely removed in 
this way is somewhat doubtful, rdeblg was familiar with linseed 
■oil mucilage and believed it to hinder the drying of the oil. On 
prolonged storage, heating with metallic oxides removed it. On 
his direct instructions the oil w'as treated with lead acetate. Mulder 
denied that mucilage occurs in good linseed oil. 

Cold pressed linseed oil passes turbid from the press, but it 
clarifies on standing, filtration, or treatment with chemical reagents. 
That warm pressed linseed oil can dissolve albumen can hardly he, as 
jt would coagulate at the temperature used. Plant mucilage would 
become dry and insoluble. Mulder treated a hot pressed oil with 
lead acetate, and so obtained a very oily deposit in which he found no 
mucilage, only lead soap and lead carbonate. Weger remarks that 
Mulder must have used a specially good sample of linseed oil, also 
that his method of identifying the mucilage was defective as it may be 
present in perfectly clear oil. By treating oil with wood charcoal the 
dissolved mucilage is removed. On prolonged heating of the oil the 
mucilage separates out. Weger filtered off the mucilage separated 
by heat and tried to free it from oil by keeping it on porous tiles, but 
did not do so completely. It then formed a gelatanous transparent 
mass, with t. thick surface layer in a tew days. Such a mucilage 
■shows a refraction of 77'5 against 72'4 for the oil not freeS from 
mucilage. lanseed oil mucilage must not be confused with linseed 
mucilage obtained by extracting linseed with ether and precipitating 
the aqueous extract with alcohol. The mucilage so obtained contains 
many mineral substances, especially phosphates of lime and magnesia, ' 
al|o SiO.^, SOj, Cl, K, Na. The organic portion contains no starch nor 
traces-of cellulose nor leaves sugar on hydrolysis with dilute acids. 
G. W. Thompson made several examinations of linseed oil mucilage. 
He l^ated the fresh expressed oil to 400° F., filtered the gelatinous 
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precipitate, and washed it free from its contained oil by petroleum 
ether. The insoluble residue formed 0-277 per cent, of the linseed oil. 
It contained 47-79 per cent, of ash, chiefly CaO,' MgO, PjOj, How¬ 
ever, C. Niegerilann believes that linseed mucilage cotftists in greater 
part of an albuminous l)ody. Extracted at 120° C. on filtration it is 
pure white; its Solution in acetic acid gives with concentrated sulphuric 
acid the characteristic violet faction of albuminous bodies. Kochs 
heated fresh linseed oil, fet it settle, and treated the precipitate obtained 
with ether. His amount was only 0-00 of the weight of the oil, which 
was greyish-white. It had a faint smell of trimetliylamino which lje- 
jame stronger on heating, showing signs of a decomposing albuminous 
body. Under the microscope mycelium, spores, mucilagenous alga>, 
lust particles, fibrous particles, hair fragments, etc., were noted. On 
ireatment with dilute HCl the substance reduced Febling’s solution, 
iue to a carbohydrate. Fi om the Uu found a linseed mucilage of lG-3 
ser cent, was calculated. On a second experiment with Indian linseed 
)nly 0-009 per cent, of an apparently solid precipitate was obtained 
rom which 11-3 per cent, of an albuminous l)ody was calculated 
rom the N content, 91 per ient. ash, and about HO per cent, of 
inoxin. Eisenschiml and Copthorm! found a se])aration of mucilage 
n the foots from ex)ii-essed oil and from naphtha extracted oil. Whilst 
.he ash of the first consists in greater part of (JaO, MgO, I’jO,,,, it is 
ree from silica, and that from the extracted oil on one occasion showed 
IS much as 34 8 per cent. Whilst the inorganic ])ortion of linseed 
)il mucilage ap])ears to he the same as that from linseed, it is not so 
with the organic portion. For the elucidation of this ))oint further 
■esearch is nece'-sary. The aqueous alcoholic strongly alkaline 
lolution is extracted by petroleum ether. The nu-thod was chiefly, 
ised by Honig and S])itz. 

For the correct estimation of the unsaponifiable content in linseed 
)il, the! following method is adojrted. Alxmt 10 grammes of linseed 
lil, accurately weighed, are sa])onified by 40 e.c. double normal 
Icoholic potash, the dried soap dissolved in 100 c.c. 00 per cent, 
ilcohol, and the solution run quantitatively into a separating funnel. 
)n cooling, it is shaken once with 100 c.c. petroleum ether, and 
OUT times with 50 c.c. petroleum ether. The layers thus form very 
apidly, so that each^xtraction only averages half an hour, and then the 
Icoholic^aqueous solution is run off. The different ))etiol>*um eflier 
xtracts are run into a second separating funnel, so as to remove any 
ntrained soap, by washing with 20 c.c. of 50 per cent, alcohol, with 
rhich it is treated for half an hour. The greater part of the petroleum 
ther is distilled off the residue with the addition of petroleum ether, 

I run into a porcelain basin, and dried as usual on the w-ater-bath. 
lonig and Spitz have also given a rapid method, the results of 
fhich are technically accurate, as the petroleum ether only absorbs” 
minimum of soap. They use a special flask in the following process 
ito which the top layer is run. The dried soap from about f^gramipe'^ 
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of linseed oil is dissolved in 50 o.e. 60 per cent, alcohol, the solution 
run into a separating funnel, and treated twice with 20 o c of 
petroleum ether from the same pipette. By appropriate shaking 
and standing lor i hour, the soap solution forms a %er underneath 
and 18 drawn off by means of the same pipette. Twenty c.c. of the 
petroleum ether solution are drawn off and dried in the usual wav 
the result naturally is multiplied by 2.^ 

Schustoff and Schestekoff have shown thaS this method gives high 
results, as the unsaponifiable contains acid soaps. They have given 
a veiy simple correction A drop of soda lye is added to the extract 
to alkaline reaction, and then extracted with petroleum ether Not 
knowing of this correction Niegemann used the original method for 
linseed oil and obtained high results. 

•Thoms and Fendler investigated the unsaponifiable matter of 
linseed oil. They have shown that extracted oil (oil extracted by 
solvents) does not contain much more unsaponifiable than oil ex¬ 
pressed from the same seed. They have also shown that In regard 
to linseed oil break prolonged agitation of the oil with the mucibge 
did not increase the mucilage content. ® 


UnsaponiHahle. 
Per cent. 


Linseed oil crushed from Archangel seed 
extracted ,, ,, 

„ crushed froui La Plata seed 
„ extracted ,, „ 

,, crushed . . . 

,, „ extracted from same seed 

iresh Archangel 
« M "broken”^ 

„ La Plata .... 

M *» “broken”! 

Tank foots« La Plata oil . 

The oil from these foots . 

Old tanked oil from Archangel seed 
Tlie same oil treated with foots =* 

Fresh oil, Archangel seed .' , 

The same oil treated with foots 
Linseed oil from La Plata seed . 

The same oil treated with foots 
^nseed oil from Memo] seed 
Ime sam^oil treated with foots 


1'99 

1-24 

0-98 

MO 

M4 

1-25 

1-08 

1*05 

0’99 

0*95 

1-OS 

1-01 

1-09 

L09 

1-08 

1*08 

0*98 

0*97 

1 - 09 ^ 

1-09 


Iodine No. of 
Unsaponifiable. 


83'2 

90-6 

95- 2 

86- G 
97-0 
9P2 
83-4 

96- 6 
88-1 

87- 9 
95-2 
95-6 
97*03 
91*3 
92*8 
9M 


(V separation of the unsaponifiable from the fatty acids is 

ither. The solid soap or its alcoholic or aqueous solution can be 
ised. First of all the fatty acids are treated with an excess of diw 
oda. To secure finer division they are mixed with sand. The 

' Heated over free flame until turbidity appears, then filtered 
Thick greenish-brown fluid, 2P8 insoluble in ether. 

’ 3 parts oil, 1 part foots frequently stirred for six weeks and then filtered. 
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[ solvent as a rule takes up soap, hence a fresh complication arises. It 
t is th^fore necessary to extract the soap solution. 

1. A method for extracting the aqueous solution of the soap was 
described by Allen and Thompson. Five grammes of^il were heated 
in a porcelain basin with 25 c.c. double-normal alcoholic potash, the 
soap dissolvedin 50 c.c. boiling water, the solution'run into a separat¬ 
ing funnel and extracted in (he cold three or four times with 30 ft> 
50 c.c. ether. When no decided separation into two layers occurs on 
first shaking up with ether, enough alcohol is added to effect the 
separation. The different ether extracts are washed once with water 
and then the ether distilled off and the residue again saponified with 
10 c.c. of the above lye; the solution is run into a small separating 
funnel, and washed with water, and once more exti'acted, (1) first 
with 100, then (2) with 50 c.c, of ether. The different oxtract8«are 
washed three times with 10 c.c. water, and the residue dried in a 
water-bath until of constant weight. Methods, as will be seen, vary 
greatly.* The second saponification is, however, superfluous. The 
first unsaponifiable does not contain neutral fats still unsaponified, 
only free fatty acid as acid soa|), produced by the dissociation of the 
solution of the soap in ether, when washed with water. These aoid 
soaps may be removed in a simple way, virie supra. In any case the. 
ether-isolated linseed oil unsaponifiable readily dissolves in petroleum 
ether, and the result is oidy a little higher than when extracted by 
petroleum ether. 

The following figures, obtained hy the analysis of substances ct 
known purity and of snixtures of known composition, hy the late 
Mr. Allen in his Sheffield laboratory, show the accuracy of which . 
the process is capable. The estimation was in each case on about 
5 grammes of the sample in the manner just described :_ 


of HulHt4«K.‘es 'l’aki‘n. 

Cu-sapoiiillahlt! Matter. 

Fat Oil. 

1 Ilytlrotiarhnu Oil, 



l*er Cent. 

J IVr 

l‘«r (lent. 


Olive, 40 • 

i Slmlcoil, GO 

68 03 


„ 80 

,. 20 

lo-.'ii 

• 

n 40 

Rosin, 60 

59*42 


.. 80 

Rape, 84 

Cotton seed, (K) 

' „ 20 

1961 


Shale, 16 

15*95 


Rosin, 40 

39-74 


Lard, 60 

Paraffin wax, 40 

89*64 


„ 20 

M „ 80 

Rosin oil, 40 

80*09 


Linseed oil, 60 

39*32 


Castor oil, 60 

.. „ 40 

38*66 


Cod liver, 70 

.. „ 30 

Coal tur oil, 62 

30*80 


Cotton seed, 48 

62*60 

• 
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Allen found the following percentages of unsaponifiable matter in 
various oils:— 


Oil. * 

Per Ceat 

Oil. 

•per Cent. 

• 

.Olive 

l-U 

Sperm . 

' 41*49 

Jlape 

1*0 

SpemUkceti . 

49*68 

Castor 

0*71 

Japan wax .• 

1-14 

Cod liver . 

1*82 

Lard 

0*28 

Palm 

0*54 

Cocoa-butter. , 

0*22 

Butter 

0*46 




Fahrion has compiled the following table of the different results of 
different observers in the determination of the unsaponifiable matter 
in finseed oil:— 


Authority. 

Year. 

Unsaponiti- 

able. 

Per Cent. 

• 

Iodine No. 

_I_ 

« 

Keitiarl&i. 

Thompson and Ballantyne 
R. Williams 

1891 

109-1*28 

_ 


1895 

0*8 -1*3 

_ 


0. Bach .... 

1898 

0*32-0*90 

_ 

_ 

Lewkowitsch . 

1898 

0*6 -1*1 

— 

r Method 1 without 
-^purification results 
(25 per cent too high 

Niegemann 

1904 

0*74-2*15 

69-2-91-2 

Thoms and Fendler. 

1904 

0*97-1*25 

83-2-970 

Method 4 

Thompson and Dunlop . 

190B 

0*88-1*25 

_ 


Fahrion .... 

1907 

0*92 

83-5 

Method 2 

»t • • • . 

„ 

0*97 

90-0 


„ .... 

" 

0*97 

_ 

82-G 

.. 4 1 


Fahrion believes, particularly in the separation of mineral oils 
from fatty oils, that not the alkaline but the neutral alcoholic 
solution should be extracted with petroleum ether, because using 
60 per cent, alcohol, no dissociation of the soap occurs. Such a 
supposition is in conflict with that of D. Holde, who holds that, 
with every new shaking with petroleum ether slight dissociation of 
the soap occurs, which is first prevented by the use of 80 per cefit. 
alcohol. Fahrion’s modification gives high resufts. In commercial 
oleins the difference may be 1 per cent, and more. With linseed oil, 
however, it is very small, on one occasion only 0*05 per cent. 

During shaking with petroleum ether it is found that phytosterin 
dissolves with difficulty in that solvent. It is much more soluble 
in ether. A method first described by Bomer, and altered in certain 
points by Fendler, is described below: 10 grammes of oil are saponi¬ 
fied in a flask with reflux condenser, with 20 c.c. of a solution of 
200 grammes of caustic potash in a litre of alcohol of 70° F., the soap 
solution run into a separating funnel, and diluted with 40 c.c. water. 
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"so th»t it will contain 20 per cent, alcohol. It ia (1) Brat extracted 
with |00 then (2) with 60 o.o. of ether. The different ether extracts 
are washed with water. 

“The Detdimination of Unsaponifiable Matter in*Oils, Pats, and 
■Waxes” has been the object of some remarks by John M. Wilkie, 
B.Sc., 'F.I.C. This determination is often troublesome owing 
emulsification. By adopting*a definite concentration of alcohol and 
ether before extraction, tost obtained by the use of n/2 alcoholic KOH 
for hydrolysis, the formation of emulsions may be entirely pre- 
Tented, and the determination finished in 30 minutes after saponi¬ 
fication. The trouble experienced in the analysis of bees' and other 
waxes, lanoline, etc., may be entirely eliminated by using 0’5 gramme 
of wax and 4-5 grammes of castor oil, extracting as usual, and making 
a correction for the unsaponifiable matter in the castor oil. * 

Phytoaterin and Cholesterin .—Oils and fats contain in small 
quantity unsaponifiable principles, soluble in ether, very slightly 
soluble in cold alcohol and soluble in boiling alcohol. As the un¬ 
saponifiable principle which characterises vegetable oils, pbytosterin, 
discovered by Hesse in oil of’Calabar beans, differs very essentially 
from the unsaponifiable principle of animal oils, cholesterin, the two 
substances may be used in a comparative manner to detect, say, fish 
oil in linseed oil or, vice versa, cotton-seed oil in lard oil. Both have 
the same chemical composition, and are said to have the 

same constitution, but that is not as yet sufficiently clear. Choles¬ 
terin is chiefly found in' liver oils. To isolate these principles 
Salkowski saponifies 50 grammes of fat, dissolves the soap in 2 litres 
of water, and shakes up the soap solution repeatedly with ether. By 
evaporation the ethereal solution yields a crystalline residue which 
after being purified by cold alcohol is examined under the microscope. 

Cholesterin crystallises in thin rhombic plates, melts at 146° C. -> 
294‘8° P. Phytosterin yields stellate crystals or a mass of long rigid 
needles. It melts at 132° C. (269'6 P.). The residue left by the eva¬ 
poration of the ether is then dissolved in a little chloroform and 20 
drops of acetic.anhydride and concentrated sulphuric acid are added. 
Cholesterin develops a cherry-red coloration, whilst phytosterin gives 
a hluish-red with a green fluorescence bloom. When cholesterin is 
mixed with its homologue phytosterin, it masks the reactions of .the 
latter an^ the melting-point is lowered to less than 146° C. (694'8° F.). 
Wmdaus gives the following particulars regarding cholesterol. It is 
an'unsaturated secondary alcohol. The hydroxyl is enclosed in a 
hydrogen ring between two methylen groups. The double bonds are 
enclosed in an end-placed vinyl group CH : CH,. The molecule 
finally contains an isopropyl group and four hydrogen rings. It is a 
complex terpene which closely resembles cholic acid. ^ 

Phytosterin is not regarded as a pure substance but as mixed with 
other as yet unknown bodies. The mixture constitutes the unsapotfl- 
fiable. Glycerine is also unsaponifiable but is readily solubla in ws^er. 
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Lezithin is also a tri-glyceride, in which the fatty acids are parti¬ 
ally replaced by other acids. It yields on saponification, fatty^ids, 
glycerine phosphate, C 3 Hj( 0 H) 3 (P 04 H 2 ), and cholin, 
CjH4 (OH).|N(CH3),OH. 

Schulze and Stiggfer found 0'8 per cent, lezithin in linseed, .and it 
aj»pears that a considerable proportionepasses into the oil during oil- 
crushing. H. Jaecke found in the latter 0'31kper cent, more than in 
any other vegetable oil. He believes it to be combined, in the seed, 
with an albuminous body, which substance, during oil-crushing, is 
partially decomposed. He estimates its amount readily from the 
P. content of ash. E. Schulze has shown how it is extracted from 
the oil and isolated therefrom. 

■Colour Test for Cholesterin .—If cholesterin be moistened by 
hydrochloric acid or sulphuric acid containing Pe.^Cl 3 it becomes of a 
magnificent violet colour. A mixture of two or three volumes of con¬ 
centrated hydrochloric or sulphuric acid and one of a dilute ‘solution 
of the perchloride will do for the test, or even the commercial hydro¬ 
chloric acid. A small particle of chodesterin should be rubbed by a 
glass rod with a drop of the reagent and the mixture then gently 
warmed. It first becomes of a reddish colour which as the tempera¬ 
ture rises changes to a blue-violet colour; strong heat destroys the 
colour. When sulphuric acid is used the mixture must be warmed 
more cautiously. It first becomes carmine-red, then violet, and at a 
high temperature is carbonised. Nitric ac^l and phosphoric acid with 
the perchloride will not give the reaction. 

Liebermann’s Cholesterol Reaction. —O'OOl to 0'003 gramme sub¬ 
stance are dissolved in 10 drops of acetic anhydride, and 1 to 2 drops 
of concentrated sulphuric acid added in the cold. The colour depends 
on the quantity of substance and the temperature. 

Phytosterin as greasy plates—red, violet, blue, green. 

Isocholesterin—red, yellow. 

Water.Saw linseed oil may bo perfectly clear and yet contain 
up to 0-3 per cent. American and Russian oil are richer in water 
than Indian. On heating oil containing water the water is removed 
as steam bubbles about 120° to 130° C., which point many still call 
the “ boiling-point ” of linseed oil. Linseed oil may be freed from 
contained ,\vater by filtration through fuller’s earth (see p. 46). In 
America the effect of hot pressing on the oil is regarded as negligible, 
as is also the amount of moisture present in or added to the seeds to 
facilitate pressing and to form coherent cakes. In many seasons no 
moisture whatever is added to the oil. 

The ash content of linseed oil is usually very small. Mulder 
found 0'03 per cent. Mucilaginous linseed oil contains more ash 
Shan mucilage-free oil. Thompson found in American raw oils up to 
0^0 per cent, ash, chiefly MgO, CaO, PjOj. In refined oil only 
traces. The American Committee on Testing Materials give the ash 
content from 0‘02 up to 0T6 per cent. 
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REFINING AND BLE.ACHING I.INSEED OID. 

• 

Oil liefining. —The oil expressed from oil seeds, or extraotod 
therefrom by solvents, is very impure; and owing to the presence 
of easily decomposable foreign substances, amongst which albumefioid' 
substances predominate, and inter alia contain enzymes wliich start 
the dec 5 .y of the oil, paint, or varnish into which they entei', linseed 
oil should not be used in its raw unrolined pristine condition. He it 
■well understood that the raw jil is used in contradistinction to boiled 
oil and in no other sense. Raw oil should therefore be, relinod. 

Mechanical Purificaliun of Oil hy Filters. —The first stage of 
the refining process is mechanical, the second, chemical. The oil is 
purified mechanically by conveying it as it comes from the presses 
into a reservoir, from whence a pump distributes it to the filter 
presses, in which the greater part of the impurities which it holds 
in suspension are separated. The dissolved impurities, including 
dissolved mucilage, pass through the filter, still in solution. 

Chemical Pui ification — Hefining.—Chemical purification consists 
in treating the oil, after it has been previously mechanically clarified, 
in a methodical manner with dehydrating agents such as concen¬ 
trated sulphuric acid and certain salts. 

By Acids: Thenard's Process of Charring the Mucilage without 
Charring the Oil. —By using a quantity of not too strong sulphuric 
acid (1 to li per cent, of 108° Tw.; specific gravity J’84), the acid 
exerts its action on the foreign matters contained in the oil in ijre- 
ferenoe to the oil itself—it acts at first by absorbing moisture ; it then 
attacks the foreign matters and transforms them into a carbonaceous 
mass, which irapas-ts to the oil a brown coloration, which qujckly 
deposits as a fiocculent precipitate. When the acid has»completely 
charred these substances, water is turned on to dilute the acid, so as 
to prevent it acting on the oil. After being energetically agitated 
with injection of air, and repeated washing with water heated by an 
open steam pipe, the oil is conveyed into large tanks and left to 
* settle. It only remains to separate the purified oil by decantation. 
According to Hartley, however, oil treated in this manner is itself 
frequently charred, or retains some impurity which, dissolving in 
the oil, imparts thereto a brown coloration, which is not removed'by 
the subsequent bleaching process to which the natural colopnng 
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principles of the oil are amenable. This brown colour in his experi¬ 
ments sometimes separated as a flocoulent precipitate, but only after 
prolonged subsjdence. Success in this process, in fact^ depends upon 
adding just enough acid of the proper strength and no more as will 
be sufficient to char the mucilage without attacking the oil itself, 
hartley states that he succeeded w^l with acid of 30 per cent, 
strength (I), which, whilst charring the mucilage, did not attack the 
oil when left in contact with it. 

It must therefore be borne in mind that however expert a 
chemist may be, that fact alone does not constitute him an oil refiner, 
and, as a matter of fact, linseed oil 6an be refined and bleached 
almost water-white by sulphuric acid alone by so-called ignorant 
workmen who have the advantage of being practical. 

This oil, i.e. oil refined by H^SO^, is not, however, free from acid. 
Linseed oil containing even a small proportion of sulphuric acid when 
heated to the high temperature incidental to varnish-making would 
char. This, of course, would be obviated by the use in such a case 
of a basic drier, such as litharge or manganese, but then only if kept 
sufficiently long in contact with every particle of oil by agitation. 
Metallic salts decomposable by sulphuric acid, such as sugar of lead, 
would act similarly, A very practical method of rapid filtration on 
a small scale was given by Ure. The filter is composed of three 
parts, of which the filtering material, charcoal, waste, etc., occupies 
the middle. The oil, placed in an adjacent reservoir, communicates 
on one hand with the lower compartment, and on the other hand by 
a pipe leading from its bottom with a reservoir of water placed at 
a sufficient elevation. The water displaces the oil, and causes it 
to pass through the filtering material, and to be transferred into the 
upper compartment. 

In these days of filter presses and working on the large scale, 
trivial filtering processes like the last two are rather out of date. ’ 
Those who wish to filter linseed oil on the small scale cannot do 
better than adopt the method used in sugar refineries, where Taylor’s 
filter bags are employed—a wide bag enclosed in a narrow one act¬ 
ing as a compressing sheath. The apparatus may be enclosed in a 
lead-lined case. Other processes of purifying oils chemically have 
been, recommended, such as (1) a concentrated solution of chloride 
of zinc, as suggested by Wagner and recommended by hartley; 
(2) heating the oil with freshly calcined magnesia; (3) coagulation 
of the albuminous matter by warm steam pipes; (4) by the injection 
of air heated to 110° C.; (5) addition of tannin extract or of salts 
of iron or alumina to precipitate albuminous matter; (6) partial 
saponification with a small quantity of caustic lye, so as to carry" 
^wn the foreign matters with the resultant soap in much the same 
manner as beer is refined with isinglass, a process employed with 
subcess in the purification of cotton-seed oil; (7) Hartley reoom- 
meuds a concentrated solution of sulphate of manganese. It would 
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be superfluous to dwell longer upon these different processes, This 
short enumeration will be sufficient. The purified oil is then stored 
in large reservoirs. ^ 

Cogan’s Method of liefining Linseed Oil. —Cogan’s process, al¬ 
though similar to Thenard’s in the first part of it, differs therefrom in 
the latter part by the judicion| introduction of steam, by aid of which 
the oil is almost entirely freed from acid and the black mucilaginous 
dregs, subside in the course of twelve hours, leaving the upiwr por¬ 
tion of the oil quite clear and greatly improved in colour, and in those 
qualities for which it is esteemed by the painter. Cogan operated on 
, iOO gallons at a time, using for that amount 3 (juarts or 10 lb. of 
concentrated sulphuric acid. These 3 (juarts of acid ho diluted 
with an equal bulk of water, that is, with 3 quarts. The oil being 
run into a copper pan of the shape of a boiler, 2 quarts of the dilute 
acid are to be added ; the whole is then to be stirred up very carefully 
for an hpur or more with a wooden scoop till the aci<I is completely 
incorporated with the oil and the colour of the latter has become 
much deeper than at fiist. A ysecond similar quantity of acid is to 
be added and mixed with the oil in the same way as the liret was, and 
then the remaining part of the acid is to be added. The stirring of 
the oil is continued altogether, at the end of which the colour of the 
mixture will he nearly that of tar. It is then to he allowerl to stand 
quiet for a night and in the morning is to be, transferred to the Irailer. 
This is of copper, and has a steam pipe entering it at the bottom 
and then dividing into three or four branches, each of which termin¬ 
ates in a perforated plate. The steam thus thrown in jiasses in a 
very finely divided state into the oil, penetrates into every part of it, 
and heats it to the temperature of boiling water. The steaming pro¬ 
cess is to be continued for 0 or 7 hours, at the end of which 
time it is to be transferred to a cooler of the form of an inverted cone, 
terminating in a short pipe commanded by a stop-cock and also hav¬ 
ing a stop-cock inserted in its side a few inches from the bottom. 
After remaining a night in the cooler, the oil is fit to bo withdrawn. 
For this purpose the cock at the bottom is opened and the black 
watery acid liquor flows out. As soon as the oil Iregins to come the 
cdok is closed and that in the side of the cooler is opened. From 
this the oil runs qfiite clear and limpid, the whole of that whiqh is 
still turbid remaining below the upper cock. The purifi^ oil being 
drawn off, that which is still turbid remains below the upper cock. 
The purified oil being drawn off, that which is turbid is let out into a 
' reservoir, where it either remains to clarify hy subsidence or is mixed 
with the next portion of raw oil; 1 per cent, of linoleate of mangan¬ 
ese, dissolved in rectified coal tar naphtha, can now be added to the 
pil and the mixture of oil and liquid drier will form a clear solutiqp 
with the oil. Lead driers—lead rosinate, lead linoleate, etc.—should 
never be added to oil intended to be used as a vehicle and bindijpg 
agent for zinc oxide and white zinc paints generally, more espeaially 
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with paints containing zinc sulphide, as it turns the paint grey from 
the formation of black lead sulphide. Again, all the virtue oft using 
a ^nc white pigment and the care taken in refining^the oil is to a 
large extent lost if a plumbiferous zinc oxide be used. 

Bleachinr/ of Linaeed Oil. —For high-class varnishes and high- 
class paints and enamels it is necessary^to use a very pale oil. Even 
with an oil which only shows a very faint y^low tint the quality of 
the varnish into which it enters will be deteriorated. It is therefore 
necessary to bleach the oil. 

The, Nature of the Colouring Principles of Oil. —The colouring 
principles of oils are derived from powerful colouring matters existing 
in the fruits and seeds from whence they have been extracted. They 
are jdentical with the colouring matter present in the leaves of plants. 
They may he resolved into four principal substances of very similar 
chemical composition: Xanthophyll and chlorophyll, both yellow, 
another, but blue, chlorophyll, and finally erythrophyll, o/ a red 
colour. Those substances are not necessarily found in all oils, but 
nevertheless they are always present in linseed oil, and the variations 
in their relative proportions are the cause of the different colours 
which different samples of crude raw unrefined linseed oil exhibit. 
If erythrophyll and a mixture of the two chlorophylls predominate 
we get a brown oil; if a greater proportion of chlorophyll be present 
the oil will have a greenish-brown tint; finally, if xanthophyll pre¬ 
dominates a pale yellow oil is the result. These substances are de¬ 
colorised by sunlight, especially in contact with air; oxidation also 
destroys them; they are also easily decolorised by dilute acids. 
Alkalies and certain metallic salts first precipitate the chlorophyll, 
then in the long run, if added in excess, the other two substances 
are likewise precipitated; finally, they are rapidly decolorised by 
chlorine and hypochlorites. 

Five processes of bleaching oils are in use based upon the pre¬ 
ceding remarks: (I) By sunlight alone, or by sunlight and air acting 
together; (2) by oxidising agents; (3) by acids; (4) by alkalies or 
metallic salts ; (5) by chlorine. 

1. Action of Light in Bleaching of Linseed Oil. —Be it well under¬ 
stood at the outset that the action of light as an accelerator of the 
dryipg of linseed oil is not dealt with in this paragraph. In de¬ 
colorising ‘oil the best result is obtained by the prolonged action of 
sunlight, and a superior article is said to be obtained to that yielded 
by the use of chemical reagents. This may be true of many chemi¬ 
cals, but not of oil refined by sulphuric acid. When linseed oil is . 
exposed in a very thin layer to the direct action of sunlight, it 
bleaches in two hours. Working with large quantities the process 
if of course of longer duration, but by using large flasks of colourless 
glass, says Livache, and exposing the oil in these to direct sunlight, 
bleaching proceeds very rapidly, and so that the oxygen of the air 
mayiaid in*the operation the mouths of the flasks are simply plugged 
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'With cotton wool. When it is desired to treat larger quantities the 
oil is flaoed in flat lead-lined or zinc-lined boxes about 40 inches long 
by 20 inches w^e and 6 to 10 inches deep, covered wi(^ a glass plate, 
*nd slightly inclined by raising one oi the sides of the box alwut 
4 inch or so; or the glass plate is made to overlap the sides of the 
box, so that no rain-water gaiys access to the contents of the boxe% 
which are generally pliyed in the open air. Finally, two tubes lead 
into the box from the two opposite sides, so that the air on the sur¬ 
face of the oil is being constantly renewed. Linseed oil, it is said, 
can thus be bleached to a bright colourless oil in less than a fortnight. 

. 2. By Oxidisinij A(jents: \a) /VranV/c e//ii/rfro;/rji, which is now 

easily obtainable in commerce, has also been recommend{!d. The oil 
is shaken with 5 to 10 per cent, of peroxide of hydrogen of 10 per 
cent, strength. This process would api)ear to be only adajitable to 
small quantities. Kxpense would debar its use on the large scale, 
and, as it matter of fact, quite irrespective of expense, both peroxides 
of hydrogen and sodium have no practical value as oil-bleaching 
agents, however energetic they ought to be theoretically in this re- 
«{)ect, and it is only a waste of time, money, and patience to attempt 
to bleach oil in this way. 

(6) Ozone .—Attempts have been made to use ozone. It is made 
by causing a current of air to pass through a series of ordinary 
ozonising tubes, whore it becomes richer and richer in ozone, being 
finally led to a receiver containing the oil to be oxidised. The oil is 
heated by a steam coil to about 40“ to bO" (J., and the ozonised air is 
admitted to the bottom of the vessel, and is made to pass through 
the whole of the oil by means of a tube pierced with very small holes. 
Schrader and Dumcke found that ozone only acts upon the oil for a 
comparatively short time—it in fact stops very quickly, liut if the 
oil thus treated be placed in white glass flasks m flat boxes, in con¬ 
tact with air and preferably in the sun, the action continues of its 
own accord, bleaching and thickening the oil in a very short time, 
and causing it to dry much more rapidly. 

(c) By Permanganate or Bichromate of Potaxh .—The perman¬ 
ganate, or, better still, the bichromate of potash, in conjunction with 
sulphuric acid, have long been used as bleaching agents. The pro¬ 
cess is conducted ifl lead-lined wooden tanks. For every 100 IJ). of 
oil about ^ lb. of bichromate of potash is mixed with fib. of sul¬ 
phuric acid, previously diluted with ^ gallon of water. This mixture 
is run into the oil in a thin stream, with constant stirring, kept up 
for an hour, the oil, if need bo, being heated all the time by a steam, 
.coil. The liquids are allowed to separate, the lower layer drawn off, 
and the oil repeatedly washed with hot water. This process is 
tedious, owing to the difficulty of eliminating even by acid the greeij 
hydrated oxide of chromium which dissolves in the oil. The same 
remark applies to bleaching with manganese compounds, where'a 
similar hitch occurs. There is a great loss of oil in both •processes. 
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altogether incompatible with the extent, if any, to which the oil may¬ 
be bleached. However, in both oases the oil may increase in drying 
properties owiijg to the action of the nascent oxygen cl^veloped in the- 
processes in question. By Linoleate of Jlfan^ronese,—Blenkinsop 
and Hartley proposed to bleach linseed oil, or rather to produce a 
V boiled ” oil paler than “ raw ” oil,’by pxide of manganese introduced 
m the state of linoleate of manganese dissolved in coal-tar naphtha. 
The process involves the use of heat. The oxygen used up in oxidis¬ 
ing the oil and bleaching the colouring matters is restored to the man¬ 
ganese by a current of air as fast as it is deprived of it. But this 
process was well known both in Britain and America long before the 
date of this patent. 

,5. By Acids: (a) By Nitric Acid^ etc. —Law'son has suggested 
dilute nitric acid. The process should be most carefully watched, so. 
as to prevent any elevation of temperature. In England, according 
to Livache, use is made of a mixture of nitric acid and chlorate of 
potash in the proportion of 1 to 2 per cent, of the oil to be decolorised; 
heat is applied, and the oil is then .repeatedly washed with water. 
This process, he says, has been successfully employed with cotton¬ 
seed oil, but as a matter of fact the caustic soda method for relining 
cotton-seed oil and the sulphuric acid method for refining linseed 
reign supreme in Britain, and this is in accordance with the fact that 
it is principally coloured nmcilayimus impurities which have to be got 
rid of in refining linseed oil, whilst it is coloured resinous impurities- 
which are present in crude cotton-seed oil. 

(b) Sulphuric Acid, see p. 53. 

i. By Alkalies and Metallic Salts: (a) By Caustic 5Wa.—Cer¬ 
tain oils, containing resinous colouring principles, particularly cotton¬ 
seed oil, may be completely decolorised by agitation with a small 
quantity of caustic potash or soda (1 per cent.). Combination with 
the colouring principles ensues, and as a result these are precipitated 
as cotton-seed oil foots, from which the purified oil may be easily run 
off through a syphon or otherwise. It is not applicable to linseed oil 
—at least to the same extent. (6) By Carbonate of Potash.—5 lb. 
of the carbonate dissolved in 10 gallons of water are added to 100 lb. 
of oil, and the mixture stirred to thorough incorporation; 24 galldns 
of a. 2 per cent, solution of chloride of calcium ai’fe then addk. The 
oil bleaches rapidly, and it is then decanted and treated witfe a 5 per 
cent, solution of sulphuric acid, and afterwards washed until perfectly 
neutral. But this would be far too laborious and expensive a process 
for adoption on the large scale, and like others has nothing to recom¬ 
mend it over the sulphuric acid process, (c) By Ferrous Sulphate .> 
ArtUts Oil. —Amongst the salts proposed, ferrous sulphate (green 
r/itriol) is capable of giving good results, with small quantities of oil. 
Process. One part of green vitriol is dissolved in 1-J parts of water, 
^d this mixture is added to double its volume of linseed oil contained 
in a glass'flask. The whole is then exposed to sunlight, and shaken . 
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;»t least once a day. The oil is generally bleached in from three to 
six weeks, according to the amount of sunshine. When the oil is de¬ 
canted the g^ee^j vitriol solution can be used over agaiij for treating a 
fresh quantity of oil. This process is much in vogue with artists’ 
colourmen (the bleached oil being sold as artist*’ oil), but is too 
tedious, laborious and costly fq^ adoption on the large scale, (d). liyt 
Basie Acetate of Lead.r-A solution of basic acetate of lead when 
agitated with oil eliminates its colouring principles very effootually. 
(e) By Lead Sulphate .—This process also gives good results. It is 
mixed with oil to the consistency of cream, and exposed, with fre¬ 
quent agitation. After a tirah the oil is bleached. Two laye’b are 
found at the bottom of the flask, one consisting of lead sulphate, the 
other of colouring matter. The lead sulphate may be used o^er 



Pig. 37,—Apparatus for bleaching linseed oil by a current of air which has been 
passed over chloride of lime. 

again. The rationale of the process is obscure. It may be looked 
upon as similar to the clarification of beer by isinglass. (/) By Com¬ 
plex Mixtures .—More or less complex mixtures of different metallic 
salts are also used. The following give good results : To 10 gallons 
of linseed oil are adfled gallons of water, containing ^ lb. of bl«ck 
oxide of manganese, J lb. of bichromate, ^ lb. of carbonate of soda, and 
lb. of common salt. The boiling solution is added to the oil; it is 
left to clarify, and the colourless oil decanted. 

5. By Chlorine .—Substances from which chlorine can be gene- 
,rated without the aid of heat are added to the oil. For instance, 

6 lb. of concentrated hydrochloric acid, 33 per cent., diluted with four 
times its weight of water, are added to 10 gallons of oil. The whol^ . 
is well stirred, whilst a solution of 1 lb. of bichromate in 1 gallon of 
water is added. A mixture of red lead and hydrochloric acid may ; 
also be used. To 10 gallons of oil + lb. of red lead beatefl up with 
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^ lb. of oil is added, and the whole well stirred, whilst | lb. of hydro¬ 
chloric acid is added. During the next five days an additioDdl ^ lb. 
of hydrochloric is added daily, the whole being well stirred 
several times during the 24 hours. The decanted oil is run into 
large bottles, or placed in boxes lined with lead, and exposed to sun¬ 
light until the oil is perfectly colourlesg. 

The most rapid method of bleaching oils, it has been asserted, is 
by means of chemical reagents, especially chlorine, but it must not 
be forgotten that it is difficult to free the oil from all trace of these 
reagents, which in the end may exert a vexatious and injurious in¬ 
fluence upon the final products manufactured from an oil bleached 
in this way. As a matter of fact, chlorine does not bleach linseed 
oil, it darkens it; and the chlorine test for fish oil is, in virtue of this 
darkening, a delusion and a snare. Certain bleaching agents, like 
chlorine and nitrous acid, are apt to form substitution compounds 
which alter altogether the nature of the oil, and not for the better. 
Had one space at his disposal, and a sufficient supply of refined oil 
to meet his wants in the meantime,,says Livache, the bleaching of 
oil by means of sunlight in flat boxes covered with glass plates can¬ 
not be too highly recommended. The slowness of the process would, 
he says, be largely compensated by the beauty and quality of the 
products manufactured from such an oil. 

However that may be, an equally good product can be obtained 
by bleaching with sulphuric acid in fewer hours than it takes weeks 
by sunlight. In fact, bleaching by sunlight could only be recom¬ 
mended by those who have never seen linseed oil efficiently refined 
by sulphuric acid, which is the most effectual, the most expeditious 
and the most economical process, requiring no costly plant, no costly 
chemicals, only about 1 lb. of oil of vitriol per 10 gallons of oil. A 
steam pipe heated by exhaust steam mixes the acid and oil together, 
and does all the agitation necessary for washing the acid out of the 
oil, all the operations being done in the one tank if need be. No 
process could be cheaper, no process could be more simple, but it 
requires care and experience, as it is quite easy for ultra-cocksure 
graduates in chemistry with the highest honours, to their own sorrow 
and the disgust of their employers, to irretreivably spoil 5 to 10 tons 
of ,oil which being permanently darkened can then only be used for 
very low grade boiled oil. ,, 

Mulder previously filtered the oil through animal charcoal. Some 
expose the oil to sunlight in contact with animal charcoal for a week 
and do not filter the oil until then. But neither glass flasks nor even 
lead-lined boxes, nor, in tact, sun-bleaching, whether aided by animal 
charcoal, etc., or not, in any way coincide with the practical notions 
of the present day. Sun-bleaching of oils is only to be found in 
books, and is so long obsolete that any who attempted it on the large 
^cale would nowadays be legitimately regarded as crazy. Un¬ 
doubtedly, oil can be bleached almost water-white by the sun when 
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either sunlight or daylight can get at it in every direction, but the 
intere^ on capital more than swallows up the profit, and the market 
for such an article is necessarily confined to artists, who often pre¬ 
pare their own ftlis. • 

Chevreul’s Method of Bleaching Linseed Oil. —The following ex¬ 
periment by Chevreul is of great interest. Acting on the principle 
that linseed oil dries in cotisequence of atmospheric oxidation,* 
Chevreul tried to find tvhether previous exposure to air conferred 
greater drying properties on linseed oil. He submitted linseed oil 
alone or mixed with turps to the action of air and light for 60 
days. By comparison with untreated linseed oil ho found that the, 
drying capacity under these conditions was very great, as great in 
fact as manganese boiled oil, with the additional benefit that the oil 
was bleached; and as far back as 1851 ho recommended the use* of 
oil exposed to light for pale colours, and especially white zinc, which 
then gives its maximum of whiteness. 

Refining Linseed Oil by Reducing Agents, Gaseous or in Solution 
—Refining by Hydrosulphites. —process for refining linseed oil by 
hydrosulphites has been patented by A. Metz and Bhilip C. Clarkson. 
200 gallons of raw oil are mixed with 600 gallons of cold water con¬ 
taining 200 lb. of hydrosulphite. The whole is agitated for 32 hours 
in a closed vessel, the oily layer is separated by decantation and the 
oil in the emulsion is recovered by petroleum ether. 

Refiniiuj Linseed Od by Lime. —Cime has been used to purify 
linseed oil, but Niegemann criticises its use for linseed oil owing to 
its forming soluble linoleates which darken the oil when heated. He 
prefers fuller’s earth. 

Bleaching Linseed Oil by b'idler's Barth. —Fuller’s earth was, at 
one time, a purely Knglish product, a sort of clay mined in dilforent 
counties in the South of Kngland. Within the last two decades it 
has been found in America, more especially Florida, and marketed 
under the high-sounding title of “Aluminium magnesium hydrosili- 
cate’’. The Germans call it “Florida erdc," hut in Great Britain it 
still retains it§ name of fuller’s earth, a name given to it centuries 
ago by the fullers of cloth owing to the facility with which it removes 
grease from fabrics. In bleaching linseed oil by fullers earth, the 
process consists irv agitating the oil with the required amount of 
fuller’s earth, and then the mixture. The aj,Mtati»n ma^ be 

effected either by air or by a vertical shaft, fitted with horizontal 
arms or blades, or vice versa, a horizontal shaft fitted with vertical 
blades. To eliminate the colouring principle com]jletely, it is neces¬ 
sary to secure the most intimate mixture of the oil and the fullers 
earth. The linseed oil is run into the bleaching pan and fuller's 
earth added. The proportion of fuller's earth to oil varies greatly 
with the nature of the oil, its origin, and its depth of colour, and witn 
the bleaching qualities of the oil, and to a very great extent, indeed, 
with the experience and skill of the bleacher. After the agitator^hfts 
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been pat in motion, and a weighed quantity of fuller's earth added, 
■samples of the oil at different stages of bleaching are take;p from 
time to time and filtered into an 8 oz. bottle. More fuller’s earth is 
added, until the oil has become sufficiently pale, wheh the mixture of 
■oil and fuller’s earth is filtered; the first runnings from the filter 
^ress return to the bleaching pan, until the oil comes away pale 
and clear. The proportion of fuller’s Arth runs from 2 to 5 per cent, 
■of the weight of the oil. In the case of edible oils, as little fuller’s 
■earth as will Jbe sufficient to bleach the oil should be used, as con¬ 
tact of the oil with the earth spoils the flavour, but this flavour may 
he neutralised by adding 1 to 2 per cent of soda-ash before filtration. 

■ Filter Press Cake .—The residual cake left in the filter press con¬ 
sists of fuller’s earth plus organic matter (mucilage, etc.), together 
with more or less oil, left in the cake. By steaming out the press 
the amount of this residual oil may be lowered to a minimum 
■quantity. The oil, thus separated by steam, is disposed of according 
to its quality and amount. The residual oil still left in the sludge- 
cake, after steaming, if it eventually becomes considerable is not re¬ 
covered as the expense would be too great. The press sludge is 
worthless. 

Bleaching of Linseed Oil and of Drying Oils with Fuller’s Earth — 
Bemoval of Mucilage .—Crude raw linseed oil is passed through a 
thick layer of fuller’s earth or the earth mixed with the oil and passed 
through a filter press. It does not seem quite certain that all mucilage 
is removed from the oil by this treatment. 

Elimination of Water .—Water is removed from linseed oil by 
treatment with fuller’s earth in the cold. Weger collected the mucil¬ 
age from a large quantity of oil, and tried to tree the oil-charged 
mucilage from oil, by drying it on porous earthenware plates, but the 
attempt was not quite a success; it formed a yellow, gelatinous, trans¬ 
parent mass, which still dried very well on glass plates, in 3-.) to 
days, with an oxygen absorption of 12^8 to 14. The removal cff 
mucilage Weger contends is not so important, but linseed oil is seldom 
used for varnish-making without being treated with sulphuric acid or 
fuller’s earth or calcined magnesia. 

Behaviour of Bleached Crude Baw Oil on Oxidation .—MeisJer 
found that the oxygen absorption of a linseed oil rose from 19’5 per 
een\i. for the untreated raw oil, to 20^7 for the oil bleached with fuller’s 
earth. 

Treating Wood Oil by Fuller’s Earth .—A good stand oil, from 
wood oil, is obtained by heating the wood oil from 3 to 4 hours and 
bleaching the oil obtained with 5 to 10 per cent, of fuller’s earth. 

Bemoving the Oreen Coloration of Hemp-seed Oil by Fuller’s 
Earth—Bleaching PerUla Oil Water-white .—The green colour of ■ 
hemp-seed oil Is removed by fuller’s earth, and Perilla oil is bleached 
water-white. 

’ Fiiller\s Earth, its Value for Oil BleachiTig Purposes .—Neither 
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^he organoleptic properties of fuller’s earth, nor its chemical analysis, 
fix its value for oil bleaching. A practical test can alone do so. 
When* dry, fuller’s earth sticks to the tongue, but other clays 
do so too. Unlike clay, it is not plastic; its combiilbd water con¬ 
tent is high. Its alumina content seldom exceeds 16 per cent. Its 
oolour varies, natui-ally, from brown and grey to da’rk blue. Its dis¬ 
tinguishing properties are fine ^rain, non-plasticity, and when broken 
up and thrown into watef it forms a more or leas flocoiilent mass. Its 
value depends on its absorbing and decolorising power. The mineral, 
after quarrying, is spread in thin layers on drying flooi-s, or it is 
heated by fires in cylindrical jlriers. It is well ground before going 
through the driers. In drying it becomes white, and parts with up¬ 
wards of 60 per cent, of moisture. When dry it is sifted into 
various degrees of fineness (100 to 120 mesh) and then bagged up for 
despatch. 

Testing Fuller's Earth. —Fuller’s earth is employed in America 
for clarifying and bleaching edible oils, and, as the earth from different 
localities varies very considerably in its efficiency, a ready method of 
testing its value is of great importance. T. G. Richert in “ The Journal 
of Industrial and Engineering Chemistry ” describes a series of tests 
which were applied for this purpose to four varieties of fuller’s earth. 
(1) Locality unknown ; (2) American ; (6) English ; (4) Gorman. A 
good fuller’s earth should remove all suspended matter, as much 
•colouring matter as possible, and absorb a minimum of oil, at the 
same time the earthy taste which is imparted to the oil should be 
easily removable by deodorisation. Tbe tests chosen were those of 
■decolorisation and the amount of oil absorbed, the price of the earth 
being also taken into account. It is to be observed, however, that 
absolute values for the results of the tests cannot bo fixed, the earths 
must be compared one with another with the same sample of oil, and 
the conditions of the experiments must be identical. In the bleach¬ 
ing tests eight experiments in each case were tried, with quantities 
•of fuller’s earth varying from 1 to 8 per cent., the colours of the 
bleached oil being determined by means of the tintometer. The 
■German sample gave the best result with 3 per cent, of fuller’s earth, 
an equally good result being obtained with 4 per cent, of the English 
sample. The amount of oil absorbed by a given weight of the earth 
was determined, an^ from this it was possible to calculate the pre¬ 
sumptive* loss, which amounted to (1) 8‘3 ; (2) 40-8; (3) 8'0; and 
v4) 19-0 per cent. The cost of bleaching 100 lb. of the raw oil can 
therefore be shown by an equation, which the author gives in a 
simplified form as :— 

x(lOOP-fAO) 

A being the presumptive loss, P and O the price in dollars for lOP , 

lb. of earth and oil respectively, and X the percentage of earth 

• • 
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required. It is satisfactory to note that the cost' of bleaching with 
the English earth was the lowest, that is, 4'01 cents, the Germaq being- 
6’24 cents, and the American 15’50 cents. 

• • 



■ The steam-jacketed pans in use at the present day for refining 
linreed oil by aid of fuller’s earth consist of cylindrical steel vessels 
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with OTotraoted neck at the top. The bottoms are made double so as 
to provide a steam jacket for heating, and the pan is also fitted with 
patent Vortex disc agitating gear which eft'ects a very nowerful rapid 
and intimate c<fmmingling of the fuller’s earth with’tlio oil. The 
pan is filled to the lower part of the neck with th.e oil to be treated 
previously heated to a temperature of ISO" to 180“ F. The right, 
temperature is important The Vortex mixer is kept in motion whilst 
the temperature of the oil is being adjusted, and as soon as it arrives 
at 150° F. the fuller’s earth is added, great care being taken that the 
right proportion is used. It should be ground to a very fine jwwder 
and be perfectly diy and free from moisture—a most important 
point. Three to five per cent, is the amount generally used, but the 



Fig. 30.—Steam pump for workiug in connection witli hydraulic filtorii. 


quantity depends on the depth of colour of the oil, i.e, on the amount ■ 
of colour to be removed. This the oil refiner can test by experiment 
by heating a small quantity and filtering it through filter paper it^a 
tinned heated copper funnid before starting. As the oil delAiriorates 
in taste an^ flavour by too prolonged contact with the fuller’s earth it 
IS very important to remove the latter as soon as possible. Hence to 
leep up a constant supply of oil to keep the filter at work it is better 
10 work the pans on the twin system ; whilst one pan is feeding the 
>il filters the other is being prepared and treated with fuller’s earth. 
When the right proportion of fuller’s earth is thoroughly commingled , 
frith the oil, the whole of the contents of the bleaching and mixing 
Jan. are pumped by a steam engine into the filter press. Pans of too 
jreat capacity are objectionable as the fuller’s earth remains *oo loijg 



Fig. 40.—Special oil filter pre.ss, with 50 fiiteriiig chambers. 






Sefinihg and bleaching linseed oil • 67 

in. mixture with the oil and imparts an earthy taste by the time the 
filter is filled with cake. The filter is so proportioned to the work to 
be done as to have a cake formed that will not be quite hollow. 
Steam is admitted into the centre feed channel of ^he press and 
finds its way into each of the hollow cakes. All the cooks are shut 
off except the six farthest away from the head. The steam passes 
through the centre of the prdls and first steams out the six cakes 
next the follower. Whdn the steam has blown through these cakes 
so as to free them thoroughly from oil, the outlet cooks are shut 
off and the next six opened, and so on until all are steamed. When 
the press is opened to remove fhe fuller’s earth it falls out in powder 
on the floor, little or no oil being left in it. Hence the steam should 
be dry steam ; when viscid oils are being filtered such as linseed oil 
or castor oil, the filtration room should he warmed so that the whble 
mass of metal in the filter may he heated to the temiuuature at which 
it works best. With linseed oil this should not he below fit) P. 
With ca^or oil it should be still higher. Filters are also made with 
each of the plates steam-jacketed so that the contimts of the oil lilter 
may be maintained at any temperature reipiired. These aie used for 
treating solid fats, wax, paraflin, and vaseline. 

■A fuller's earth refining plant comprises one patent steam- 
jacketed Vortex mixing pan with self-contained engine, centrifugal 
mixing vane, trunk or circulating pipe, scroll deflecting jilales, pijie 
work connecting engine exhaust to heating jacket, jirovided with 
thermometer, sampling cock, and charging hop))er. One [latent new 
model fuller's earth refining filter press, jiyramid tyiie, having arrange¬ 
ments for steaming out the cakes, provided with outlet cocks on each 
of the chambers and outlet shoot. Fitted with steam Jiump mounted 
on the head of the machine. The ])ipe work valves and fittings 
lietween mixing pan and feed jiumji on head of filter. One set of 
hydraulic chain and one set of chain filter cloths. 

Mejininy Linseed Oil by Wood Charcoal. —Weger removed mucil¬ 
age from linseed oil by treating the oil with wood charcoal. 

Methods of Storinij Haw Linseed Oil. —Galvanised iron reservoirs 
are to be preferred for storing linseed oil. Their base should be very 
wide in proportion to their height; they arc generally covered by a 
badly-fitting lid, so ihat the air may he constantly renewed on ^le 
surface of the oil, but it is preferable to use a tight-fitting lid so as to 
exclude dust. In this case a current of air is set up by two tubes 
placed on opposite sides of the reservoir, thus starting oxidation, and 
thereby increasing the drying properties of the oil. It is also of 
importance to maintain the oil at a constant temperature, about 15° 
to 20° C. 

Eaw Linseed Oil Fools. —It is advisable to draw off the “ foots ” , 
two or three times a year. It is an undeniable fact that oil kept for 
a certain time gives a better coating on drying, to that yielded by an^ 
oil fresh from the press. Speaking generally, linseed oil should not 
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be used until after it has been “aged" for a year or two. Such oil 
is known as old tanked oil, and gives better results in vamish-piaking 
than can be oljtained by any mere rapid process of Weaohing freshly 
pressed mucilaginous raw oil. 

When a varnish-maker buys clear and bright “ old tanked P***^_® 
^aw.linseed oil, which, owing to prolonged storage, neither “ breaks” 
nor “ spawns " on heating, and so buys according to sample, which 
responds to the test for old tanked pure raw linseed oil, he is entitl^ 
to claim that the bulk delivered shall correspond with such sample in 
every way. For “breaking” or “spawning” is characteristic of 
recently crushed raw linseed oil, abounding in dissolved mucilage. 



CHAPTER V. 


CHEMICAL REACTIONS OF LINSEED OIL. 


The Spectroscopic Examination of Linseed Oil. —Muller found 
that many oils show chlorophyll absoi-ption bands when examined 
under the spectroscope. Animal oils do not do so. These absorption 
bands can therefore bo utilised to detect a vegetable oil in an animal 
’ oil when the vegetable oil gives the spectrum of chlorophyll which, 
as Muller points out, occurs with linseed oil and also with olive oil. 
There are, in tact, three absorption bands; one very deep in the red, 
a feeble one in the orange, and a stronger one in the green. Sesame 
oil shows only a feeble band in the red, and castor oil shows no band 
at all. Donmer classilies oils according to their behaviour under the 
spectroscope when observed under a thickness of 12 millimetres:— 


Oils exhibiting the spectrum of chlorophyll 


Oils exhibiting no spectrum 


■ Hemp-seed. 

Olive. 

Walnut (spectrum 
slightly visible but 
very decided blue and 
violet bands), 
i' Almond oil (sweet and 
) bitter). 

I Castor oil. 


Oils absorbing all chemical radiations, the l (/olxa-seed. 
spectrum, instead of extending to the J Linseed, 
blue, the indigo, and the violet, stops I Mustard-seed, 
short suddenly at full green . . I Rape-seed. 

/ Earth-nut. 

Oifs exhibiting threg bands in the chemical Colza-seed, 
part, absence of green, orange, red hands ■( Cotton-seed. * 
characteristic of chlorophyll . ■ 1 Poppy-seed. 

’• V Sesame. 


Action of Halogens on Linseed Oil: Action of Chlorine and 
Bromine on Linseed Oil, — Lefort passed chlorine and bromine 
vapour into flasks containing layers of water and linseed oil, and 
found hydrochloric and hydrobromic in the state of solid compounds., 
Mulder led chlorine gas into water-free, but unheated, linseed oil 
and found that much hydrochloric acid remained in combination. 
The linseed oil was at first dark coloured (the dark coloration ipsl 

( 69 ) 
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given by chlorine with fish oil is valueless), then it became pile 
and at the same time solid. This solid body is scarcely soKlble in 
water, readilyisoluble in ether and in potash lye. {^ulder believed 
that a portion of the glycerine was split off by the chlorine. But the 
first action of chlerine on oils is to form addition compounds, and in 
•the second place substitution compounds. Moreover, in the addition 
process, as it usually takes place, it stops short before the end of the 
reaction, although under suitable circumstances all the double bonds 
are satisfied by iodine chloride, and on that fact is based the well* 
known method of determining the iodine number. 

Chlorine is used as a test for the'presence of fish oil in linseed 
oil; this is supposed to darken in the presence of fish oil, but pure 
linpeed oil darkens too, so the teat is indecisive if not unreliable (see 
under fish oil as an adulterant of linseed oil, p. 174). 

Action of Sulphurous Acid on Linseed Oil. —By treating linseed , 
oil with sulphurous acid, Sacc caused the separation of white flakes, 
which he described as gypsum (!) Mulder investigated the point by 
first treating linseed oil with sulphurous acid and then burning it. 
He found about 0'03 per cent, of ash and contradicted Sacc’s assertion 
that linseed oil usually contains a large amount of lime. Moreover, 
Mulder, by treating linseed oil with sulphurous acid, obtained a 
white precipitate, insoluble in water, soluble in alcohol and ether. 
Further, Mulder found sulphurous acid to exert a reducing action on 
linseed oil which then appears to contain much sulphuric acid. 

Action of Ammonia on Linseed Oil. —Eowney treated drying and 
non-drying oils with alcoholic ammonia with frequent shaking for a 
long time. With linseed oil he obtained a highly coloured resinous 
substance, and a little of a white solid crystalline body. With olive 
oil the behaviour was different. Eowney and Mulder described the 
white body as an amide, behaving like a soap. The red resinous 
substance Mulder identified as red linoxic acid. It has since been 
found that the linoleic acid of linseed oil contains higher unsaturated 
fatty acids than oleic. 

Heat of Combustion of Linseed Oil. —The heat of combustion 
increases, generally, with the molecular weight and differs in that 
respect but little as regards fats and oils. Sherman and Snell found 
the heat of combustion of fresh linseed oil at cohstant volume to be 
9364, at constant pressure, 9379 calories. It lowers on oxidation. 

Action of Sulphuric Acid on Linseed Oil. —Chevreul pointed out 
that oils and fats when treated with concentrated sulphuric acid 
liberated glycerine. Sacc treated linseed oil with concentrated 
HjSO^. Sulphurous and formic acids were disengaged. The linseed 
oil was coloured purple red, then violet, then black. The product 
rwashed with water was amorphous and appeared in the form of long ■ 
strings. It was soluble in alcohol; with alkalies it gave a yellow 
resinous soap. Mulder did not use H 2 SO 4 in excess, it gave off na 
gas, and Ihe reaction product in water eventually became colourless. 
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It was more readily saponifiable than linseed oil itself. Mulder 
believed that there was only free oleic acid and no free linoleio acid 
which was held fast locked up by the glycerine. An accurate 
examination of the reaction between linseed oil and sulphuric acid has 
not yet been made, but the heat of the reaction forms a valuable test, 
being far greater with linseed,oil than with any other oil. Maumen^ 
was the first to utilise the different temperatures to differentiate 
between different oils, and .Jean produced his thermaoolematcr for 
use in applying the test. Lately Tortelli has brought out an im¬ 
proved apparatus. The test is readily applied, but its application 
requires care. The Maumeiisi nuinbei’ or tlienno number of linseed 
oil varies between 90° C. and 14.')' 0 . Moreover, llic MaumenA 
number gives parallel residts with tbe iodine absorption lesults. 

Action of Nitrous Acid HNOj oii Linscc.d Oil.—In tbe year 1819 
Poutet treated oils with nitrous acid and claimed as tbe result of the 
reaction ^to be able to differentiate between drying and non-drying 
oils, as the former remained fluid whilst tbe latter solidified in a longer 
or shorter time. The basis of ,thia solidification is the conversion of 
the oleic acid of m.p. 14° C. (.'i7'2° P) into its isomer elaidic acid. It is 
said by some to be unreliable. Hut that statement comes from those 
who have never applied tbe test in actual jiraclico in the buying 
and selling of olive oil. fjidolf treated linseed oil with nitrous acid 
HNOj and found it to remain fluid but completely changed. Its 
specific gravity rose from 0-932 to 0-971, and tbe oil after washing 
contained combined nitrogen. Possibly the nitrous acid fixed itself 
directly on the double bond. 

Action of Nitric Acid on Linseed Oil. — Liiiseod oil treated with 
nitric acid behaves differently to oleic acid (Bromeis). Tbe. product 
is a tacky, deep red mass containing pimelic acid, (JjlIjjOj, suberic 
acid, 0911 , 404 , oxalic acid, and an acid which Jlromeis after¬ 

wards termed margaric acid. Sacc coiilirined the alxive results. 
Mulder did not repeat the experiment. He termed the red product 
linoxic acid. However, be treated linseed oil, at the ordinary tempera¬ 
ture with a small quantity of strong nitric acid, but was unable to 
confirm Jonas’ statement that tbe, oil, so treated, dried more rapidly. 
According to Livaohe, thick boiled linseed oil, treated with dilute 
nitric acid, gives a brown elastic substance, which no longer sticks to 
the flnggrs. A. Lidolf [lassed nitric-anhydride into ai* ethereal 
solution of linseed oil. He found simultaneous nitration and oxidation, 
and a thick yellow oil was formed, insoluble in water, and combustible 
without explosion, which absorbs no more iodine. In ethereal solu¬ 
tion it is reduced by stannous chloride, HjS, or aluminum amalgam 
to a product varying from syrupy to a solid mass, which is no longer 
soluble and which Lidolf regarded as lying between fat and albumen. 

Heat of Bromination of Linseed Oil. —Chloroform gives a slightly 
ligher rise than carbon tetrachloride, as would be expected; this 
was found to be 1-7° with the apparatus here described. • Aroh^uft 
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and Jenkins find that the presence of water, either in the bromine or 4 
the oil, is apparently of no influence. * 

The results obtained vary with each calorimeter; hence, to make 
them comparable, they must, as in the Maumen6 test, be referred to 
some standard. Such a standard has been found in sublimed 
,oan)phor, which can be prepared in sjufficient purity; 7/^ grammes 
are dissolved in carbon tetrachloride and brominated, giving 
an average rise of 4-2°. The rises in temperature obtained with 
the various oils were divided by this number, giving a specific 
temperature reaction; if this be multiplied by a factor—found by 
dividing several of the iodine numbers*by this speeitio temperature— 
the iodine value of any sample may be quite closely determined; this 
is shown in the following table, the factor being 17’18:— 


TABLE SHOWING THE KELATION OF THE BROMINATION AND 
IODINE VALDES. 




Iodine. { 

Name of Oil. 

Specific Temperature 




Reaction. 

Calculatetl. 

Found. 

Neatflfoot . 

3-280 

50 5 

59-1 

Tallow 

8-.348 

57*4 

57-2 

Prime lard. 

3-71.5 

63*8 

03 8 

Sporm 

4'191 

72-1 

73-2 


4'090 

70-3 

78*9 

Olive . 

4-702 

81-8 

82 0 

Ootton-Beed. 

5-007 

97*3 

103-0 


()-381 

109*5 

107-8 

Ood . 

8*002 

187*4 

1S5-0 

Liuseed 

9*049 

155-0 

100-0 

25® parafiiii 

1*643 

28*2 

10*1 

300® lantern 

1*190 

20*5 

0*0 


In the case of the hydrocarbon oils the discrepancy may be due to 
the fact that there is substitution by the bromine and none with the 


lUUtUC. 

Catalytic Action of Metallic Ma<jnesi'im on Linseed Oil in 
sence of Hydrogen.—Meusel & Go., D.E.P. 20.1,906, heat linseed 
oil'at the. ordinary pressure, or in vacuo, for 3^ to 4 hours^with 0'5 
to I'O per cent, of powdered magnesium with the formation under the 
action of hydrogen gas of a solid, readily moulded, fusible product. 

' The thickening occurs without the formation of a magnesium soap, 
j Action of Hydrogen Aided by Catalyst on Linseed Oil.-When 
' hydrogen is passed into linseed oil at a high temperature no reaction 
ensues. Hydrogen atoms are fixed on the double bonds, but aided 
tiy a catalyst it succeeds much better. 

As Dr. Holde states, oleic acid, the most important constituent of 
till semi-drying liquid oils, requires only 2 parts of hydrogen to 282 
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i parts of oil in order to get stearic acid, while linoleio and linolenic' 
acid >pquire 4 and 6 parts respectively, to 280 and 278 parts. 
Bioinolic acid, which contains 1 atom of oxygen m^re than oleic 
acid, forms an oxystearic acid which has a very high melting-point, 
hut which also contains only 2 atoms more of hydrogen than the 
original acid. , 

Saul and Roth rubbed up 4 grammes linseed oil with 2 grammes 
gum-arabic, using colloidal palladium as catalyst. When the mass 
thickened it was heated to 50 to 70° C. apd hydrogen passed through 
it. The first hydrogenisation left a white hard mass of m.p. 00 to 03” 
Cj. with the iodine number ofo O. The product was white and pul- 
verisable, readily soluble in CHClj and CSj and melted at 61 to OS” C. 
Bedford did not reduce linseed oil itself, but operated with linoleio 
acid using finely divided Ni as catalyst. * 

There are, besides ferments and enzymes, other agents used for 
* the splitting of linseed oil. The first of these agents is w'ater at a tem¬ 
perature of 200° or under a pressure of 15 atmospheres. Taking the 
fatty acids of linseed oil as R(^H, the action of saponification may 
be represented thus;— 

CjIL,(OK)j -I- 3H.,0 = CjH,,(OH )3 + 3KOH. 

■ It is disputed whether this reaction occurs in one stage, so as to yield 
free fatty acid and glycerine, or whether there are intermediate pro¬ 
ducts formed, viz. di- and monoglycerides thus :— 

(A) C,H,(OB), -(- H.,0 - C.,ll,,(011)(OB)., -4- KOII 

(B) C 3 H 5 (OH)(OK).i -P H.,d = (;jlIj(OH)„(OB) + ItOil 

(C) C3H,(0H),(0K) -P ILO =. C.,II,,(011), - 1 - BOH. 

To test the point R. Fanto completely saponified linseed oil with 
aqueous potash, but could not detect either di- or monoglycerides in 
the products of the reaction. Later on I. Kellner asserts that linseed 
oil is saponified in dilTerent stages, but on saponification with aqueous 
lyes the three phases of the reaction follow each other so rjuickly 
that it is impossible to follow them. 

.Hco/iolj/i'fs.—During saponification by aqueous alkali the reaction 
is fmpeded by the fact that the fat is insoluble in water and therefore 
the act of saponification is prolonged. Saponification by, alcohhlic 
potash ishnuch more rapid. As the od is to a certain extent soluble 
in alcohol the decomposition is so far facilitated that the glycerine 
ester is converted into an ethyl ester, and the first stage of the 
splitting up then becomes:— 

(A) C,H,(0R)3 -P 3C.,H,0H = C3lI„(OH), -p 3C,H,,(OR) 

(B) CjHsOR -P H.,0 = C,H,OH + BOH. 

The term alcoholysis is applied to the above reaction in con¬ 
tradistinction to “ hydrolysis ". In the former case it fo^ows thaft 
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* -when the amount of alkali is not sufficient to convert all the fattjr* 
I acids into soap the whole of the glycerine is separated— t 

C8H5(0R)3 +'K0H + 2C,H,OH = C^H.COH), + R©K + 2CAOB. 

When alcohol, therefore, is used as the solvent and the glycerine 
•dissolves as an ethyl ester, the change expressed by the above re¬ 
action takes place very rapidly in the cold—cold saponification. 

; Henriques dissolved 50 grammes of linseed oil in 50 c.c. pet¬ 
roleum ether, added 25'75 c.c. normal alcoholic potash (tor complete 
saponification 9’610 grammes would have been necessary), agitated 
until completely mixed, and let standfi hours. The liquid gave nO' 
further coloration with phenolphthaline, and the glycerine was 
separated quantitatively, the ethyl ester distilled above 360° C., and 
was thus separated from the non-volatile glycerine ester. It was 
found later on by A. Haller that tor the separation of glycerine as, 
ethyl ester no alkali is required, and that the same reaction occurS' 
more readily with alcoholic hydrochloric acid. By treating linseed 
oil with excess of methylic alcoholit hydrochloric acid for 6 hours, 
in a reflux condenser, the whole of the glyceride was converted into 
a methyl ester. During hydrolysis and alcoholysis both alkali and 
acid act catalytically. When linseed oil is saponified by soda lye, 
or by alcoholic soda, by dilution of the alcoholic solution of the soap 
in water, there is obtained, in the aqueous solution, (1) all the 
glycerine, (2) all the fatty acids of the linseed oil as soda soap, andi 
(3) the excess of caustic soda. The soda soap may be separated out 
from this solution by “ salting out ”. Ten per cent, of common salt 
is dissolved in water, by the aid of heat, and added to the solution, 
with constant stirring. Glycerine, caustic soda, and sodium chloride 
remain in solution. The soda soap separates out, almost quantita¬ 
tively, on the surface, It is filtered off, and washed with a 10 per 
cent, solution of common salt. Hard soap is made by the salting- 
out process, but linseed oil is only used in making soft soap. By 
saponifying linseed oil by caustic potash and dissolving 10 per cent, 
of common salt in the aqueous solution, the fatty acids are separated, 
as soaps, and an equivalent quantity of potassium chloride passes, 
into solution. ■ 



CHAPTER VI. 


LINSEKD OIL F.\TTY ACIDS. 

Splitting up of Oils and Fats .—When a solution of neutral soap 
is dissolved in water the solution does not react neutral, but alkaline. 
This is due to the high molecular weight and the weakly acid oh'ar- 
, acter of the fatty acids. Their soaps are dissociated by water, so that 
the solution contains at one time free alkali and at another time acid 
soap. Excess of alkali stops this dissociation, also alcohol. Kanitz 
has shown that, in a mixture o< 40 per cent, alcohol and 00 jter cent, 
water, dissociation does not occur. The splitting up of fata constitutes 
a great industry in which fatty acids are pre))ared for caiulle or soap 
manufacture. Fatty acids are marketable products. These do not 
include linoleic acid, which is, however, extensively used in the manu¬ 
facture of driers. In the preparation of fatty acids for the candle 
trade, autoclaves are used, the decom])Osilioii by water of the fat 
occurring at a pressure of about 8 atmospheres, with the adrlition 
generally of quicklime, magnesia, or zinc-dust. There are also 
Twitchell's method, and the fermentative splitting up of fats. In 
Twitchell’s method the splitting U]) is eilected by steam at the ordin¬ 
ary temperature, using naphthalen stearo-suljrhonate as catalyst. 
In the fermentative splitting up of fats, lipase, a ferment which oc¬ 
curs abundantly in castor oil seed, is used as the hydrolysing agent. 
A similar ferment has been found in linseed and in linseed oil cake. 
This method is little used, the zymogen cannot be obtained as an 
active enzyme. Linseed, however, contains an active lipase, different 
from that of any other seed. None of the splitting processes in use 
give quantitative results, and technical linoleic acid contains 5 to 10 
per cent, of neutral'undeoomposed oil. , 

The Intimate Chemical Composition of Linseed Off.*—Like all 
^ther oils and fats, linseed oil consists of the elements carbon, 
hydrogen, and oxygen. It does not contain sulphur, except it be in 
traces, and then only when the linseed is highly impure, from crucifer¬ 
ous seeds, is the sulphur content of linseed oil appreciable. Extracted 
oil contains nitrogeneous substances in small quantities. The above 
three elements group themselves together in linseed oil, (1) a^ 
glycerine, (2) as fatty acids, both being present as glycerine esters. 
The splitting up of these esters is best done in the laboratory, 
beating with excess of alcoholic potash (or soda) lye. On dilujiing: 

(75) 
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the Alcohol a mixture of (1) glycerine, (2) potash soap, and (3) free 
. alkali is obtained. If this solution be boiM with excess of Aydro- 
*ehloric or sulphuric acid, the soap is decomposed, the fatty acids, in¬ 
soluble in water, separate as an oily layer on the surface, and can be 
separated by a separating funnel from the aqueous acid liquid. That 
,in t.he latter there remain no fluid fjtty acids, Mulder has shown 
by a. distillation experiment. It contains all the glycerine, which, 
however, is not pure. By evaporation with carbonate of potash lye, 
and extraction of the residue with acetone, the glycerine may be 
isolated. 

The Mixed Fatly Acids of Linseed Oil. —That the mixed fatty 
acids of linseed oil are to a large extent 
fluid, and that only a small amount of 
solid fatty acids is present is shown by 
their behaviour on cooling. They parti¬ 
ally crystallise at 15“ C. (59“, F.) and 
liquefy on warming to 20“ C. (68° I’.). 
The solidjfatty acids have a higher melt¬ 
ing-point when freed from the liquid fatty 
acids. When the mixed fatty acids are 
cooled to 0° C. (32“ F.), the solid fatty 
acids do not separate out quantitatively, 
therefore, the portion that has crystallised 
out, as a general rule, contains much 
fluid fatty acids. The separation is best 
carried out by cooling of alcoholic solu¬ 
tion of the fatty acids, a method first 
adopted by Chevreul, and later on by 
Mulder. Mulder has shown, in regard to 
Warrentrapp’s method, which rests on 
the principle that the lead salts of the 
fluid fatty acids are soluble in ether 
whilst the solid fatty acids are insoluble, 
that this method is not trustworthy, as 
the lead salts of the solid fatty acids are 
not completely insoluble in ether, and 
tha^ the separated lead salts of the solid fatty acMs are still coloured 
yellow, arid, therefore, impure. Moreover, the fluid fatty f.eids still 
contain insoluble lead salts. 



Fia. 41.—Wolffbauer's method 
of determining the solidifica¬ 
tion-point of the mixed fatty 
acids of different drying oils. 


Melting-Point op Fatty Acids. 

The Iodine Number of the Liquid Fatty Acids of Linseed Oil {the 
Inner Iodine Number). —The saturated solid fatty acids absorb no 
iodine, so if the iodine absorption of the fluid fatty acids, the inner 
iodine number, be known, so also is that of the mixed fatty acids 
dnd of the oil itself known. The solid and fluid fatty acids aresepar- 
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ated by Warrentrapp’s method thus ; 10 grammes of oil are run into a 
300 Brlenmeyer flask and heated with 40 c.c. in alcoholic potash, 
until complete saponification is effected. I’henolphthaloin is added,? 
and the soap neutralised with strong acetic acid. EhRugh water is 
added to equal that of the alcohol, then a solution of 10 grammes 
of lead acetate in 100 c.c. 30 per cent alcohol. The whole is heated 
on the water-bath until the liSid soap is solid, the flask with stirring 
rod is removed, and the whole allowed to stand overnight. The fluid 
portion is run off through a filter, and the small amount of lead soap 
added later on to the main portion. The lead soap remaining in the 
flask is drenched with alcohol,and the flask and contents put to dry 
in a warm place. To the dried lead soap 100 c.c. ether is added, 
and shaken until the larger lumps have completely broken up and 
the insoluble lead soap floats in the solution, in the form of a fliriey 
precipitate. The whole is allowed to settle and the ethereal solution 
’ filtered into a separating funnel. The washing of the preci])itato is 
unnecessary when only the inner iodine number is to be delei'mincd. 
The ethereal solution is agitated with hydroehloric acid, in excess, to 
decompose the lead salt. When the'ethereal solution has completely 
clarified, the acid aqueous fluid and the lead chloride are separated 
from the ethereal solution of fatty acids in a second separating funnel; 
there it is shaken with aqueous lye, containing about 2 grammes 
NaOH or KOH. To cause the two layers to separate out sharply 
10 to 20 c.c. of alcohol are added, and re])ealedly shaken. The un¬ 
saturated fatty acids are dissolved in the alkaliiu* solution from which 
they are recovered on acidulation by hydrochloric acid, and shaking 
with petroleum ether. The lattei' should not contain any fraction 
boiling above 60° C. and should be completely volatile on the water- 
bath. By the above method of purification the unsatnrated fatty 
acids are separated from the unsaponifiable on the one hand, and 
the oxyacids on the other. The presence of lead starts catalytic 
auto-oxidation, so the formation of oxyacids cannot veiy well bo com¬ 
pletely prevented, but it can be very much reduced when the extrac¬ 
tion of the lead soap and the distillation is conducted m a stream of 
hydrogen. Warrentrapp’s method was soon found to be defective, 
as a non-negligible portion of unsatnrated fatty acids remains m the 
residue from the «thereal solution of the lead salts, so 
separated lead salts still absorb iodine. Fahrion found lab to IVd, 
Lewkowifsch 22-3, and later on lU-2. It is important to observe that 
H is oleic acid which remains in the saturated tatty acids and so in¬ 
creases the inner iodine number. Conversely there remains a small 
quantity of solid fatty acids in the fluid portion, and, during auto¬ 
oxidation, takes the place of a portion of the linolenic acid Both 
lower the inner iodine number, so that the latter 
Fahrion found for the linseed oil used outer iodine number 280 9 f, and 
for the inner iodine number 203-3,204-6, and 205-2, although in shaking 
up with ether the lead was replaced by a baryta salt. 
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TOE IODINE NDMBER OF (a) DIFFERENT SAMPLES OP LINSEED 
OIL AND (6) OF THE LIQUID FATTY ACIDS DERIVED THERE- 
PROM. • 


: (it) • 

‘ Outer Iodine Number.'* 

(6) “ Inner Iodine Number.” 

* CoM pressed linseod'oii 1 

179*4 ♦ 

201*4 

Italian linseed oil, 1808 j 

173-4 

190-1 

. 1=99 j 

176-8 

193-0 

Indian „ ‘I 

184-0 

203*0 


Numerous attempts to render Warrentrapp’s useful method for the 
.separation of fatty acids accurate, have been made. Farnsteiner re¬ 
places ether by benzol. On heating, the lead salts of the saturated 
fatty acids dissolve, but on cooling from 8 to 12° C. they are quanti¬ 
tatively separated, and only the unsaturated lead salts remain in 
solution. Fahrion tried this method, but found no great advantage 
over the ordinary method. The insoluble lead salts were coloured 
yellow, and gave an iodine absorptiftn of 13'9. Farnsteiner claims 
also to have discovered a method of separating oleic acid from the 
highly unsaturated fatty acids. He converts the mixed fatty acids 
into the baryta salt and treats this whilst warm with a mixture of 
95 per cent, benzol and 5 per cent absolute alcohol. Barium oleate 
dissolves therein on cooling to about 0°; it is quantitatively separated 
whilst barium linoleate and linolenate remain insoluble, but this 
method is not accurate. A method of Fartheil and Ferie, in which 
the lithium salt is used for separation, is quite unreliable. 

Fahrions Oxyacids, Theix Kstimalion .—It has been I'cpeatedly 
proven that (1) linseed oil and (2) linseed oil fatty acids absorb 
oxygen from the air. Amorphous oxyacids are thus formed from (a) 
linoleic and (b) linolenic acids, as first pointed out by Fahrion. 
They are characterised by their insolubility in petroleum ether; their 
glycerides are, however, soluble therein, so that a highly oxidised 
linseed oil still may remain soluble in petroleum ether. If the oil 
in question be saponified, the separated fatty acids are still soluble 
in ordinary ether, but partially insoluble in petroleum ether. The 
quantitative estimation of these acids is performed in the same v^ay 
as the determination of the Hehner number. The oxyacids occur as 
light flakes, and are separated from the petroleum ether solution of 
the fatty acids by filtration. Or, if it be desired to handle them in 
large quantities, a separating funnel is used, so that the petroleum 
ether solution may be drawn off clear. The oxyacids are dissolved 
in warm alcohol, the solution cooled, and filtered into a platinum 
dish. The alcohol is evaporated on the water-bath, the residue dried, 
(weighed, heated, and again weighed; the difference gives the oxy- 
aoids. Quite fresh linseed oil should naturally be free from oxyacids, 
but, in actual practice, traces are always found. Again, linseed does 
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not ooine fresh to the press; it has a long sea-voyage behind it. 
Moreover, the practice of foreheating the seed induces slight auto- 
oxidatioa of the linseed oil. 




No. 1 

Age of Oil 

1 loiliue No. 

; Oxyacjds IVrtVnt. 

I. 

Two months , 

• 

170-40 

; 0t»5 

II. 

Three years . 

17403 

O-70 

III. 

Two inoutlis . 

177-25 

j O'SS 

IV. 

Seven ,, 

17C28 

i 0-50 

V. 

— 

170-05 

0-7H 



_ _ 

.- - . 


But linseed oil fatty acids are much more readily oxidised than . 
linseed oil itself, and it must not be forgotten that, during the proct'ss 
of analysis, small quantities of new fatty acids are formed. If linsetd 
• oil mixed fatty acids he heated for 2 hours in the water-halh in an 
open poroBlaiii basin at 105 to 110 ^ C., 10 per cent. h(>comeK insohdde 
in petroleum ether. It therefore contains ox>acids, which Milkier 
wrote so much about, although jlelroletim ether was unknown to him. 

Bike Liebig, Schuler, who, like Mulder, occiqiicd himself with 
linseed oil, speaks of the solid fatty acids as iialmitic acid, hut without 
any close examination. Mulder saiionilied linseed oil wutli aiiueous 
potash lye, and precipitated the soap with lead acetate, kneaded the 
lead salt with warm water, and, whilst still moist, extracted it with 
ether. The insoluble lead soap, mixed with white lead and lead 
hydroxide, was decomposed by hydrochloric acid, and the ^ 

submitted to fractional crystallisation from alcohol 
obtained ( 1 ) palmitic acid, C„;IL,P„ of melting-point (.2 (>. and 2 ) 
myristic acid, of melting-poinl 53 t. Both were contamin- 

atL after repeated crystallisation by a red resinous 
by animal charcoal. The mother liquor contained - ^ 
stance, which, on attempts to ‘ , 

pletely saponifiable resin, readily soluble m alcohol. As to the 

imposition of this rosin, Mulder 

a linoleic-acid residue wdiich remained m the lead • 
sequence of different operations, became, m course of I'" ' ’ J- 

Mdlder recognised lauric acid, but Ila/.ura could find no ° '‘j 

We know nol that'it is well-nigh inipossiblo that 
of a mixture of three or more solid fatty acids should he “ > 

-pure and free from fluid fatty acid 

tion When it is confidently asserted on the author ty of Milder 8 
experiments that the greater part of the solid fatty aiuds o '-n-j o' 
coList of palmitic acid and myristic acid i must not l>o 08t 8 '^ 
Of that Mulder had only a very small quantity of o 

for examination purposes. Moreover, during the 

oil with subsequent fractionation and saponification of the metnyl 
ir besides pLitic and myristic acids, Haller found an appreciablp 
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quantity of stearic acid, CjgHjjOj, melting-point 69° C., and a smalt 
quantity of araohidio acid, CjjHgjOj, melting-point 77° C., ^ 

Stilid Fatty Acids of Linseed Oil. —Liebig described the solid fatty 
acid that can* be separated from the mixed fatty acids of linseed oil 
as palmitic acid. Unverdorben found that linseed oil contained 
stearic acid as well as palmitic acid. Bromeis isolated the solid fatty 
*aoids by treating the linseed oil with liitric acid, by which treatment 
they remain to a great extent unchanged and can bo crystallised from 
alcohol. He termed them margaric acid; likewise Sacc, who obtained 
them in the same way and gave them the formula CjgH3.202. Sacc 
knew that the solid fatty acids obtained by Warrentrapp’s method 
were impure. The ether-insoluble lead salts contained basic lead 
• dinoleate. He examined into the matter of the separation of the 
liquid and solid acids further, and in a very interesting way. He 
saponified linseed oil with caustic soda lye, and separated the soda 
soap from the solution by excess of common salt. The semi-dried 
‘soap was exposed in a thin layer in an airy place and kept "warm, so 
that it rapidly absorbed oxygen, and dried with a yellow colour. 
After two or three weeks it was brought into solution by strong soda 
lye, which was coloured brown. The whole operation lasted two to 
three months and eventually gave an almost white soap. This was 
decomposed by hydrochloric acid and the fatty acid crystallised from 
alcohol, melting-point 00° C. (140° F.) C = 75 8, H = 12'5, 0 = 11'7 
per cent. ■= 100; Cj|,H3.^0g requires C = 75‘0, H = 12-5, 0 = 12’5. 
It thus follows that Saco was the first to show the purity of the auto¬ 
oxidation products of the liquid fatty acids of linseed oil. 

Fluid Fatty Acids of Linseed Oil. Chevreul’s, (rottlieb’s, and 
Voelcker's and Laurent's Results. —Amongst the fluid tatty acids of 
linseed oil, Chevreul only described oleic acid, the correct composition 
of which, as CigHg^Oj, was first determined by Gottlieb and Voelcker. 
Laurent must be credited with the discovery that linseed oil must 
contain other fluid tatty acids than oleic acid, as he found linoleic acid 
to behave quite differently under the elai'din test, and under vacuum- 
distillation, from ordinary oleic acid. Sacc’s experiments. —The next 
results as to the composition of linoleic acid were obtained by Sacc, 
who experimented on the subject afresh. He saponified cold-pressed 
linseed oil with lead oxide, extracted the lead soap by agitation with 
ethftr, decomposed the ethereal solution by sulphuretted hydrogen, 
and subjected the linoleic acid so obtained to combustion! To the 
data so obtained (C 76 per cent., H 10'7 per cent., 0 13-2 per cent.) 
corresponds the formula CjjHjgOj. Mulder's criticism. — Mulder 
justly pointed out that, from the above data, Saco’s linoleic acid had 
absorbed much oxygen. Action of nitrous acid on linoleic acid 
and nitric. —Sacc found that linoleic acid when treated with nitrous 
Reid gave no elai'din. Treated with nitric acid it first of all gave a 
reddish resin, afterwards found to be suberic acid, 

' Schuler's Method of Preparing Linoleic Acid. —Schuler saponified 
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linseed oil with caustic soda, salted out the soap, precipitated the s 
aqueous solution with calcium chloride, agitated the lime soap with 
rther, decomposed the ethereal solution with hydrocWorio acid, and 
dried'it, at a low temperature, in a stream of hydrogen. To purify it 
still further, the linoleic acid was converted into a baryta 8.ilt, the latter, 
crystallised from alcohol, agitated with ether, and the ethereal solution^ 
treated as above. Schuler deforibes the linoleic acid so obtained as 
a pale yellow, very limpid fluid with a weak acid reaction, and a 
pleasant taste at first, but unpleasant later on. The combustion 
results (C 75-9 to 76-2 per cent., II 10-9 to 11-4 per cent.) correspond ' 

to the formula C, 5 H.j 80 .j. . „ ■ , . 

Mulder's Objections. —Mulder raised the objections to bchulers 
linoleic acid that it had absorbed much oxygen and that it was im- 
■ possible to talk of crystallisation of the baryta salt, as it separaites 
from an alcohol solution in flakes. It is now evident that the 
» numerous purifications were not elTected without considerable loss of ^ 
substance* so that the fatty acid separated, and analysed, had a dit-' 
ferent composition from the ordinal. Schuler found too little metal 
in his linoleic salts, and therefore the true formula may be (!|jH 3 „Oj. 
Mulder concluded from the above results, that Schuler’s linoleic acid 
contained ordinary oleic acid. Schuler's formula was next attacked 
by O. Sussenguth who treated linoleic acid with bromine. 

Smsenguth's Im-pure. llydrobrominate f rom Linolentr. .4cid.-- 
Hydrobromic acid was evolved with great evolution of heat. lie 
agitated the product with ether, crystallised the insoluble from alcohol, 
and so obtained crystalline plates, a fatty acid with the formula 
C H Br 0 . He had in reality obtained imjiiire hcxabromlinolenic 
acid. Mulder experimented on the oxidation of linoleic acid and its 
salts He examined the behaviour of linoleic acid, under repeated 
oxidation, as a result of which the more often pure linoleic acid is 
treated, the less there remains of it, and the more impure is the 
oxidation, and again, free linoleic as well as its salts is readily oxidised 
‘ and useless for analysis. It follows therefore that free linoleic acid 
cannot be used for general analysis, and great difliculty is experienced 
in preparing-pure salts from it and in correla mg the carbon, and 
hydrogen, and metal, with the correct formula for linolic acid. The 
metal content is Mery contradictory, the salt containing too little 
Mulder tried to find whether it was entirely due to hydrolysis oi' to 
the formation of basic salts, that whilst approaching the right weight 
they were no longer soluble in ether. A neutral salt was necessary 
fOT ^solution in ether, said Mulder, who further stated that a satis¬ 
factory metallic salt cannot be prepared from linoleic acid. 

Fahrions Method of Prejjarzng Pure Metalltc Limleates. 

According to Fahrion, the preparation of pure metallic J* 

not so diLult. He saponifies the linseed oil with caustic soda, near / 
neutralises the aqueous solution with acetic acid, ^ 

barium chloride, extracts the baryta salt with ether, and qyaporateS 

' . VOL. I. 
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!>3he ethereal solution, without further treatment, in a platinum basin, 
on the water-bath. The residue contains 20-2 per cent, baryta ymrium 
linolenate •= 19'9 per cent.). 

In spite of all the above drawbacks Mulder believed from the 
C and H content of a lime and a copper salt that he had confirmed 
: ^Schuler’s formula. However, the above figures in no wise correspond . 
with CjjHjgOj, but according to thi theory of that time, which 
regarded these salts as addition products of metallic oxide and acid 
anhydride, the anhydride of + 2 C,„Hj 802 ); when 

more closely inspected Mulder’s salts had absorbed much oxygen. 
At the same time they are less prgne to oxidation than Mulder 
thought. 

Hazura's Method of Saponifying Linseed Oil. —Hazura saponified 
lirfteed oil with alcoholic potash, dissolved the soap in much water, 
neutralised with acetic acid, precipitated with lead acetate, extracted 
the still moist precipitate with ether, decomposed the ethereal solu- ‘ 
tion, by acid, and dried the residue, over H.^SO,. Combustion gave 
C = 77’48 and 77'35 per cent.; = 10'86 and 10'79 per cent., 

calculated for linolenio acid; C = 77‘7; H 10'8. 

Mulder’s Belief in the Presence of Oleic Acid in Linoleic Acid .— 
Mulder only accepted Schuler’s linoleic acid formula of with 

reservations. He asserted that no one can deny that pure linoleic 
acid has not yet been prepared, to which the formula CieHjgOj can 
be applied. This doubt was intensified by Mulder’s firm belief that 
linoleic acid also contained oleic acid, CjgHjjOj, or at least some other 
similar acid. As he could not fractionally crystallise the salts of 
linoleic acid he attempted to prepare them in another way. He 
agitated completely dry linseed oil with ether, which left behind a 
thick fluid quite colourless body, soluble in ammonia and soda lye.. 
When this substance was converted into a lead salt and the latter 
shaken with ether, and the ether soluble salt decomposed, a fluid fatty 
acid was obtained. 

Mulder’s Dried Film of Lead Linoleate. —Finally Mulder left an ' 
ethereal solution of lead linoleate to evaporate in the air. The lead 
salt, so obtained, gave on decomposition an oily acid, which did not 
dry and therefore was not linoleic acid. As the thick fluid gave no 
elai'dic acid, with nitrous acid, Mulder regarded^ it as oxidised oleic 
acid. Mtulder describes linoleic acid as a colourless oil which 
rapidly becomes coloured in the air, which can be cooled below 0° C. 
without solidifying. The K, Na, NHj salts are soluble in water 
and alcohol, the Ba and Ca salts in hot alcohol, the Ca, Ba, Cu, Pb 
salts in ether. On fusion with caustic alkali linoleic acid gives 
hydrooarbides and a volatile acid. Hydrogen and acetic acid were 
not found. 

Hazura's Linoleic Acid. —But Hazura obtained both the latter, by 
fusion of the oleic acid, from hemp-seed oil with potash. He prepared 
• iis linolaio acid by Schuler’s method with the qualification that the 
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baryta salt was only dissolved in alcohol. The combustion gave 
figures»which corresponded with the formula C,gHjjO,. 

The Cjg Nucleus of Peters .—That linoleio acid contained the 
nucleus Cjg Peters showed thus: he heated it with hydriodic acid 
and red phosphorus for 8 to 10 houre at 200 to 210 ’ C. and treated 
the product with sodium amalgam and thus obtained stearic aoid^ 
CigHjgOj, melting-point 69“ C. 

Duff and Reformatsky's Researches .—Duff and lieformatsky 
prepared Schuler’s linoieic acid in a pure state but from ethyl lino- 
leate. It was converted by hydriodic acid into moniodo-stearic acid, 
CjjHjjOg, and the latter reduced by zinc and bydrochloric acid to 
stearic acid, C,gHj„02. The yield of the latter was, of course, only 
small. Whilst the inaccuracy of Schuler’s formula was acknowledged, 
the above authors, in contradiction of Mulder, still regarded linoreio 
acid as a simple substance. K. Hazura was the hrst to obtain oleic 
’ acid from Mulder’s supposed linoleio acid, and later on to show that, 
besides oleic acid, another acid, CjgH 5 .^ 0 j, but in much larger 

quantity, a still stronger unsat^irated fatty acid, Ilazura. 

used an oxidation method by which the unsaturated fatty acids were 
dissolved, in excess of caustic potash, and the solution decomposed 
by permanganate. This method was first used by Kehiile in the 
oxidation of fuinaric and malic acids, whilst Sayteff was the first to 
use it for fatty acids of high molecular weight. In the oxidation of 
unsaturated bodies, there is a disruption of the double link, and 
here the direct oxidation of oleic acid by aqueous permanganate gives 
azelaic acid, melting-point 108. As oleic acid dissolves in 

excsss of caustic potash, 168 grammes of oleic acid are treated with 
50 grammes of KUO and made up to the litre, and this solution on 
cooling decomposed by 168 grammes KMiiO, in 3 litres of water, 
dioxysteario acid Is obtained as the chief product. This acid can be 
converted into moniodo-stearic acid by the action of I’l -f 11.^0 and 
the former into stearic acid by the action of nascent hydrogen. The 
dioxystearic acid appears identical with iso-dioxystearic acid, obtained 
by Overbeck in treating oxyoleic acid obtained from dibromoleic 
acid and silver oxide with potash lye. Haytell showed that oleic acid 
whqn oxidised in alkaline solution added two hydroxyl groups. The 
double link was replaced by the fixation added to two hydroxyl 
groups. He explains the reaction thus: The double link wa* replac^ 
by the fixation of one atom of oxygen, and under the influence of 
-Ikalies hydration took place. Ilazura formulated the following general 
rule from his results, viz. all unsaturated fatty acids, oxidised in 
alkaline solution, absorb as many hydroxyl groups as they possess 
free valencies and are converted into saturated fatty acids, all of 
which contain the same number of carbon atoms in their molecule. 
This rule harmonises with Pellig’s researches and with Wagner’s. 
Later Sayteff showed that the fixation of an oxygen atom by the 
double links cannot take place unless the permanganate firsh oxidises. 



i the water, so that two molecules thereof take up two hydrogen atoms 
: *nd then the two resulting OH groups are fixed on both theedouble 
linked carbon^ atoms. Hazura contradicts this theory as the un¬ 
saturated fatty acids, when oxidised by hydrogen peroxide, must yield 
dioxyacids just as hempolic acid yields azelaic acid, with hydrogen 
^peroxide. Finally, he refers to the property of alkalies for fixing 
0 + HjO. Besides he laid down the rule that unsaturated fatty acids, 
with three such links, also those with double links, behave in that 
way. Later on Holde and Marcusson advocate Wagner’s theory. 
Ammonium oleate, in ammoniacal solution, treated with ammonium 
permanganate, likewise yields dioxyitearic acid. In this case 
Hazura brought hydrogen peroxide, not in the nascent state, into play, 
so he held that the last objection could not be sustained. Hazura’s 
researches on the fluid, fatty acids of di-ying oils are comprised in 
a series of contributions, which are here given in chronological order: 
(1) hempolic acid is referred to Ci^Hj^gOa, (2) sativic acid is CjjHjgOg, 
and (3) linoleio acid C,gH3.20.j. Then the comprehensive work “ On 
Drying Oils” completed his researches. 

The Examination of Itimeed Oil Fatty Acids .—Linseed oil is 
saponified by KHO, the soap dissolved in water, the solution neutralised 
by acetic acid, and precipitated by lead acetate. The lead soap is 
shaken up with ether, and the ethereal solution decomposed by 
dilute sulphuric acid, and by dilution of the ether the fluid fatty acid 
is obtained; 30 grammes of this fat are dissolved in 36 c.c. of aqueous 
potash, D = 1'27 = 29'5 per cent. KHO, and water to 2 litres, and 
this solution at summer temperature decomposed with energetic 
stirring by 2 litres of A 1'5 per cent, solution of potassium perman¬ 
ganate. The liquid first becomes dark green, after a time it liberates 
manganese peroxide, from which, after an hour’s standing, the now 
clear fluid is separated by filtration. The alkaline filtrate contains 
the potassium salt of the oxyacid thus produced. It is decomposed by 
sulphuric acid, which causes a flocky precipitate to appear, which is 
filtered off and dried on porcelain plates. This acid mixture (A) is 
converted into the baryta salt, and then shaken with hot water. The 
insoluble baryta salt is decomposed by hydrochloric acid, the separated 
acid dried in the air, and digested with a large quantity of cold ether. 
Op the evaporation of the ether, there only remains unoxidised 
linoleio awid, and dioxysteario acid, C, 8 H 3 g 04 . The residue insoluble 
in ether consists of sativic acid, CijHjgOj. The aqueous solution of 
baryta salts is strongly concentrated, and then decomposed by dilute 
hydrochloric acid. The acid separated is mostly linusic acid; there 
is, however, a small quantity of isolinusic acid in admixture with it 
from which it is separated by fractional crystallisation. The acid 
filtrate from A is neutralised by KHO and the 4 litres evaporated to 
about 300 c.c.; it is then acidulated by dilute sulphuric acid, filtered 
from the precipitated acid mixture, dried in the air, and dissolved in 
’’et^er; only azelaic acid, C(,Hjg 04 , dissolves. It is a decomposition 
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product of linoleic acid. The portion insoluble in ether is isolinusio 
acid, (i,gH^Og, an isomer of linusic acid. The following is a descrip¬ 
tion of the properties of above acids as obtained by H^zura, together 
with information as to their source :— • 

Hazura's Acids ajid their Derivatires. —1. Dioxysteario acid is the 
oxidation product of oleic aoid,^,gHj,Oj. Mulder's belief that linseed, 
oil contained oleic acid was confirmed by llazura. The constitution of 
oleic acid as CHj. (CHj);. CH ; CH (CHj);. COOH is firmly estab¬ 
lished. Therefore, dioxystearic acid must have the formula 

CHg(CHj);CH . OJI. CH. OH . (CH,ljCOOH. 

The crystalline form, according to SaytetT, is rhombic plates. Hazura 
at first spoke of mother-of-pearl plates, later of rhombic plates, again 
as blunt angled tabular crystals. Sayteff gave the melting-point at 
first as 132'5, later on as 13()'5° 0. Hazura found first 130 to 131" C., 
later 137* C. Groger, who oxidised oleic acid from ox-tallow, states 
that he never found a liigher melting for the dioxystearic acid than 
130'5 to 131’5" C., and Fahrion confirms this figure as regards the 
dioxysteario acid from linseed oil. The latter states it can no longer 
be denied that different oleic acids occur in natural oils and fats. 
Dioxystearic acid is completely insoluble in water, freely in hot 
alcohol, slightly in cold alcohol, and very slightly soluble in ether. The 
alkaline salts are freely soluble in water, those of baryta insoluble 
therein. Hazura in brominating linseed oil fatty acids found that, 
during bromination, oleic acid yielded no crystalline derivative, 
only the thick dibromoleic acid. Sativic acid, C„H„.p,^(OH)^, is 
a tetra-oxystearic acid ; it crystallises in long needles with pyramidal 
prisms and a silky lustre melting at 173" C. It is insoluble in cold water, 
carbon disulphide, other, chloroform, and benzene, soluble in 1000 
parts of boiling water, slightly soluble in cold alcohol, readily soluble in 
hot alcohol and glacial acetic acid. The baryta salt is insoluble in 
water, potassium permanganate oxidises it to azelaic acid. The four 
OH groups behave normally during acetylation. Finally, on treat¬ 
ment with iodine, followed by reduction, sativic acid yields stearic 
acid. Therefore, the mother substance of sativic acid must be an un¬ 
saturated fatty aci(^ CjgHjiO.^, containing four double links. Hazura 
called it linoleic acid. Various circumstances point t(j diffeftsnt 
linoleic atids occurring in different oils amongst the linoleic acid of 
hemp-seed oil which, according to Hazura, yields a well-crystallised 
tetrabromide derivative of melting-point 114 to 115" C. Linoleic 
acid from linseed oil yields a thick fluid tetrabrom'derivative which 
hardly becomes solid and melts to an amorphous mass at 9H to 100 ; 
Finally, quite a series of tetra-oxystearic acids were obtained, the 
melting-point of which was below 173° C.—152 to 16.5. On theothe# 
hand, Thoms obtained from telfairic acid a hydroxy acid melting 
at 177" C. Linusic acid, C, 8 H 3 oOj(OH)„, seldom forms needles but 
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'ttostly forms rhombic plates, ending in two blunt angles; melts at 
303° C. It is insoluble in ether, slightly so in cold water, and more 
freely in hot jvater. But water dissolves it more freely than sativio * 
acid. Moreover, it is slightly soluble in alcohol. The baryta salt is 
slightly soluble in cold water, freely soluble in hot water. With 
.acetic anhydride it produces a hexa^etyl derivative ; it is a hexa- 
oxystearic acid derived from an unsaturated fatty acid, CisHjoOai 
linolenic acid. Hexabromlinolenie acid, CigHjQBr^Oj, forms needles 
with a melting-point of 177° C., completely insoluble in ether and 
acetic acid. Lately it has been prepared direct from the mixed fatty 
acids of linseed oil. Eeformatsky regarded the hexaoxystearic acids 
as secondary products, although Hazura had shown previously that 
sativic acid on further oxidation in alkaline solution yielded no 
lihusin nor isolinusin, but only azelaic acid and decomposition pro¬ 
ducts. 

Hehner's and Mitchell's Insoluble Ilexabromides. —Hehner and 
Mitchell, in 1898, prepared the insoluble hexabromide from linseed 
oil fatty acids, by brominatiou in eth«r, or acetic acid, solution. In¬ 
stead of 177° C. they found the melting-point to be 180 to 181° C., and in¬ 
stead of the theoretical quantity of bromine, 63'31, their hexabromide 
yielded 61'80, or a deficiency of 1'51 per cent. No crystalline sub¬ 
stance was obtained from the mother liquor, only a thick fluid impure 
tetrabromide. On boiling the impure tetrabromide with alcoholic 
potash the bromine was completely removed. The potassium salt of 
the tetrabromide, by treatment with acids, liberated a yellow viscid oil 
absorbing 61‘63 per cent, of iodine. On reduction of the hexabrom- 
linolenic acid with Zn + 2HC1 free linoleic acid was obtained as an 
almost colourless oil of sp. gr. : 0'9228, iodine No. 241'6, absorbing 
oxygen from the air with great rapidity and turning dark brown forth¬ 
with. Hazura’s linolenic acid also absorbed oxygen rapidly and could 
not be prepared pure, and thus could not be brought to absorb more 
than 245 per cent, of oxygen, the theoretical amount being 274'1. If 
Hazura’s and Hehner and Mitchell’s figures fairly agree they are both 
considerably below the theoretical. Brominated in acetic acid solu¬ 
tion it is only partially converted into hexabromide, but HBr is 
also evolved. Later linseed oil was itself brominated in an ether 
solption kept cool during the operation likewise in? acetic solution. It 
yielded about 25 per cent, of crystalline bromide, molting point 
,143'5 to 144°. Analysis of a mixed glyceride of hexabrom linolenin 
and dibromoleio acid, C 3 H 5 (CjjH 330 .^Brj), (CuHj^OjBr^).^. 

The Preparation of Ozonides. —C. Harries began his work on the 
action of ozone oh unsaturated compounds. He fixed a molecule of 
Ozone on the double link, and on treating the ozonide, so obtained, 
with water, it decomposed with the formation of aldehydes. Harries 
applied the reaction to oleic acid, and by the aid of solvents produced 
a normal ozonide, C 18 HJ 4 O 5 , or an ozonide peroxide, CigHj^Og. On 
boiling with water, it left as primary product nonaldebyde. 
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CHa(CH^i.CHO, and azelaio serai-aldehyde, CHO{CH,),CO.otf,: 
according to which the constitution of oleic acid is 

CH,. {CH2),CH : CH . (CH,);COOH.. 

C. Thieme also treated linoleic acid with ozone and obtained a. 
syrupy ozonide with the appr<^iinate composition C,«H 3 jO,. As de¬ 
composition produces only formic acid, azelaic acid and azelaic half-* 
aldehyde were identilied with certainty. When tri-olein is agitated 
with a solution of ozone in hexane it absorbs 3 molecules of ozone. 
The ozone number of tri-olein is 16'45. Calculated tor : 

16*37. The tri-oleic ozonide has the following formula:— 

/ \ 

CH,. (CH.,)-CH . CH . (CH.,).CO . O . Oil- 

o. ■ I 

/ \ 

CH,. {CH.,);CH. CH . {CH„)-CO . 0 . CH 

I 

CH.,. (CH.,),CH. CH . (CH.,).C(.). 0 . CH., 

\ / 

It is a thick colourless oil decomposiirg at 136° C., soluble in ether, 
acetic acid, benzene, chloroform. When heated with 20 per cent, 
alcoholic potash on the water-bath azelofdic is obtained on acidula- 
tion and glycerine remains in the mother liquor. Molinari and 
Fenaroli have followed the matter up with the view of determining 
new constants for the analysis of oils and tats. 

1. The iodine numbers of the ozonidos of oleic and cla'idio acid and of 
tri-olein. The ozonides are dissolved in alcohol or a little chloroform, 
and an alcoholic solution of potassium iodide added, lorline ik 
liberated. The proportion of iodine depends to some extent on how 
long the mixture has been allowed to stand. For the ozonide of oleic 
acid 39*03 per cent, of iodine is lil>erated in 24 hours. To each 
molecule of ozone there corresponds an atom of iodine, and according' 
thereto the iodine number of the ozonide of oleic acid is 38*45. By 
this method the ol*ic acid and tri-olein content of oils and fats may 
be estimated. , ' ■ . 

V 2. The saponiheation number of ozonides. The determination of 
oleic acid in fatty mixtures by weighing the products of decomposi¬ 
tion nonylio acid, azeloldio acid, does not give satisfactory results; on?, 
the contrary, better results are obtained by means of the saponifica¬ 
tion numbers of the ozonides of oleic acid and tri-olein. i 

Bedford's work was continued by F. Haspe, who tried to establish 
the constitution of linoleic acid in a manner to which no exceptioK 
oould be taken. Linolenic acid, prepared according to Bedford's 
method, was ozonised, by which it absorbed in solution 9 to 10 atoms 
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of oxygen. Therefore, the molecule of linolenic contains 3 double 
links. The ozonide is a thick colourless oil, now scarcely fluid, with 
a peculiar snjell. The ozonide peroxide is more resinous. They 
both behave isimilarly towards water. Linolenic ethylate adds, in 
bhloroformic solution, 10 atoms of oxygen ; the viscous, clear water- 
,white product yields on decomposit^n with warm water, first of 
all azelaic acid, azelaic acid half-aldehyde, carbonic acid acetalde¬ 
hyde, and a light unstable oil which gave oxalic and adipic acid on 
cautious oxidation. By partial decomposition with cold water, the 
ozonide of the a ester was decomposed, but nothing further was 
identified beyond malonie acid half-eldehyde, and malonic acid. 
Finally, acetaldehyde is shown to be a secondary product, derived 
from propionic aldehyde, so the primary decomposition products are 
propionic aldehyde, malonic acid, azelaic acid; that is to say, the 
aldehydes of both acids. He therefore ascribes the following formula 
to linolenic acid ; CH,. CH^. CH: CH. CHj. CH : CH (CH,);COOH. 
Therefore, lO and b linolenic acids behave similarly on ozonisation; 
they are itherefore to be regarded as stereoisomers of the a acid. The 
A acid is the labile cis, the B acid the stabile transform. 

Thieme holds that everything points to Eeformatsky linoleic acid 
being a simple substance. 

Linoleic Acid from Sunflower-seed Oil. —At the same time G. L. 
Goldsobel obtained linoleic acid as a tetrabromide from sunflower- 
seed oil. The fluid fatty acids of this oil gave sativic acid on oxida¬ 
tion, with a melting-point of 173° C., and this by further oxidation, 
in alkaline permanganate, oxalic, azelaic, and a hexylic acid, which 
would give linoleic acid the constitution 
CHj. (CHj),. CH : CH CH.,CH . CH,. CH : CH . (CH,),. CO. OH. 
Goldsobel, later on, claimed to have confirmed this formula by 
optical methods. 

Bedford's Researches on the Unsaturated Fatty Acids of Linseed 
Oil. —F. Bedford began, in 1906, his researches on the unsaturated 
fatty acids of linseed oil, and on their quantitative reduction to stearic 
acid. Bedford in the beginning tried first to extract each fatty acid 
by fractional distillation, in a high vacuum, for w'hioh he used a 
specially constructed apparatus. But although the pressure was. as 
lovf as 0-0005 mm., no fractional separation took place. Then he 
brominatal the mixed fatty acids of linseed oil in acetic {i.oid solu¬ 
tion, and, after purification, prepared the hexabromide in large 
quantities. It was pure white, melting-point 178-5° C.; after two 
crystallisations from acetic ether, 179 to 180° C. A series of hexa¬ 
bromide derivatives were prepared; these treated by alcoholic potash 
were reduced by zinc and hydrochloric acid to linoleic acid. The 
Jlatter had no fishy, but a somewhat pleasant, smell, d?/- = 0-819, 
iodine figure 248-7 instead of 273-8, boiling-point under 0 001 to 0-008 
mm. pressure 157 to 158° C. During bromination only J of the lino- 
lenio acid is converted into crystalline hexabromlinolenic acid, the 
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remainder being a thick fluid tetrabroraide. After debromination thia 
yields, on fresh bromination, only a small further quantity, and, on 
bromination once more, it yields no more hexabromidg. Linolenic 
acid is not reduced to stearic acid by HI and P but its ethyl-ester by 
hydrogen, aided by freshly reduced nickel, as a catalyst (Sabatier- 
Senterens’ method) to ethylic sl^ai-ate, which on saponilication yields 
normal stearic acid, melting-point 69° C. The normal connecting- 
links of linolenic acid were thus again confirmed anew. Bedford did 
not accept Hazura’s isolinolenic acid, not only because one and the 
same acid gave two stereoisomeric oxyacids but also because during 
Hazura’s oxidation, besides oxyacids, lactones and anhydrides were 
produced, so that the oxidation product was a complex mixture from 
which it was well-nigh, if not entirely, impossible to obtain any 
one of its components in a state of purity. Again he points out 
that, during the debromination of hexabromlinolenic acid two 
*isomerio lipolenic acids remain —a linolenic acid with the crystal¬ 
line hexabromide and h linolenic acid with the fluid tetrabroinide. 
In linseed oil only the a linolenic acid occurs. The linoleic acid of 
linseed oil, in contra-distinction to that of poppy-seed oil, yields no 
crystalline bromide which can be referred to b linoleic acid. 

More recently A. Rollet has occupied himself with linoleic and lino- 
lenic acid. The first was prepared as tetrahromidc, melting-point lU 
to 115° C., from poppy-seed oil, from which it appruvrs without doubt. 
The b linoleic acid of linseed oil is closely connected with the a acid 
of poppy-seed oil, as is pointed out in this rtwearch. The tetrabromide 
was converted directly into methyl linoleate by methyl alcohol, HCl 
and 15n, and by cold saponification free linoleic acid was obtained. 
It consists of a water-white oil, boiling-point 22H iodine figure 
178-3 and 179-1 (instead of 181-4) d\’' = 0-9206. Bromination only 
gave a 60 per cent, yield of crystallised tetrabromide. However, 
if linoleic acid he a single substance, then it can on bromination leave 
two different derivatives, both of which can be split up into two 
' active components. On adding iodine to the oily tetrabromide no 
more iodine -was absorbed, and on reduction it yielded not quite pure 
linoleic acid: boiling-point 230°, iodine flgure 158 9 and 160 2, which 
on being again brominated no longer yielded 26 2 per cent, o ciys a 

lised tetrabromide. feasibly the fluid tetrabromide was imimre. Ihi 

presence of oleic acid appears not to affect the yield of s^id tetra 
bflomide as in the case of linolenic acid. On oxidation of the linoleu 
acid, the sativic acid produced on repeated crystallisation from aloo 
hoi melts between 156 and 169° C.; by boiling with benzol am 
once more crystallising from alcohol, the melting-point rises ron 
171 to 173° C. 

Preparation of Linolenic Acid.—To prepare linolenic acid thi 
mixed fatty acids of linseed oil are brominated in acetic acid 
and the crystalline hexabromide, melting-point 180 to 181 C., directi; 
converted into methyl linolenate water-white oil, boilmg-pomt 1- 
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'in COa stream, 207° C., iodine number 267-6 (Theory 261). The . 
separated linolenic acid was a pale yellow oil, 

CO, 8tream„230 to 232° C„ iodine figure 267-4 and 267-8 (Theory 
274-2), dV" “ 0-9141. The yield of crystallised hexabromide is only 
20 per cent. The bromine content of the fluid bromine points to 
C,«H,,Br,0.,, and it still adds iodin^ By energetic bromination of 
linolenic acid in petroleum ether, only a fluid hexabromide was ob¬ 
tained, which no longer added iodine, and which no longer showed a 
■deficiency of 16 per cent, bromine. On reduction it yielded a hnoleic 
acid of boiling-point 232° C. and iodine figure 217. Bromination still 
gave 16 per cent, of hexabromide. Binoleic acid yields four different 
bromine addition products, with two optically active components, so 
that its behaviour on bromination affords nothing against its unity. 
During the Hazura oxidation, linolenic acid not only yields, as Hazura 
says, linusio acid, 201 to 203° C., but isolinusic acid of melting-point 
171 to 173° C. (Hazura 173 to 175°). Eollet therefore asserts that 
no reason exists for the terms iso and /3 linolenic acid. 

Brdman and Bedford protested decidedly against this theory. 
They modified Eollet’s procedure thus: The fluid bromine product, 
soluble in petroleum ether, was debrominated by heating withzmc 
and acetic acid. An oil was obtained with the iodine value 185-8, 
and the molecular weight 428 from the acid figure. On further 
bromination it left 3-2 per cent, of solid hexabromide, and a fluid 
bromide insoluble in petroleum ether; on debromination a thick fluid 
oil, with the iodine figure 109-3 and the molecular weight 516, was ob¬ 
tained. On the third bromination this oil gave no further solid 
hexabromide, whilst on the second bromination 3-2 per cent, was 
obtained, it is clear that a certain weight of hexabromide remmns 
dissolved, and during debromination yields a linolenic acid. The 
b linolenic acid, moreover, only yields fluid tetrabromide, which on 
debromination forms no a linolenic acid and no pure h linolenic acid; 
.only gradual polymerisation or anhydride formation can occur. 

To sum up, three unsaturated fatty acids are recognised with 

certainty. , , , , ■ -j /i,\ 

Table showing the constitutional formula of {a) oleic acid, (C) 
linoleic acid, and (c) linolenic acid, being the chief liquid fatty acids in 
lljiseed oil:— 


«• 

(a) Oleic Acid, ;— 

CH 3 . OH,. CH.J. CH.J. CH, . CH,. CHj. CH,. CH ; CH (OHJ,. COOH. 

(b) Linoleic Acid, CigHjjO,:— 

CH,. OH,. CH,. CH,. CH,. CH: CH. CH,. CH: CH. (CH,),. COOH. 

(c) Linolenic Acid, :— 

CH,. CH,. CH: CH. OH,. CH : CH CH,. CH: CH (CH,),. COOH. 

The linoleic acid formula applies only to the linoleic acid from 
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•sunflower-seed oil. All three acids show a double link, exactly in 
the middle, in the,9'10 group linoleio and linolenio acid, a second 
double link between 6'7 and linolenio acid, a third doub^ link in 3'4 
group. 

Glycerides of Linseed Od .—We know almost nothing as to the 
principle on which, nor the manner in which the fatty acids of linseed 
■oil are combined in the triglycerides. It was agreed at one time 
that all the fatty acids exist solely as triglycerides; thus oleic acid 
■C,sH 3402 occurs in nature only in the state of triolein, 

Later on, however, a series of mixed glycerides, o.g. oleo di-stearin, 
CjHj(C, 8 H 330 . 4 )(C|jH.,,, 02 ) 2 , were isolated from naturally occurring 
■fats,^ which were separated fractionally by long and toilsome 
fractional crystallisation from oil solvents. With linseed oil, owing 
*to its great capacity of withstanding cold, this method does not suo- 
<jeed very well. Moreover, this capacity to withstand cold is so great 
that in linseed oil solid fatty a«ids of the mixed glycerides are in 
greater part prevented from crystallising out of the oil at 0 C. 
Henriques and Kunz set out to separate the dilferent mixed glycerides 
from linseed oil in the form of halogen addition products, but 
Henriques’ death interrupted the work, which was never resumed. 
Linseed oil is to-day regarded as a mixture of triglycerides, of which 
we know next to nothing. The mean molecular weight cannot l)e 
determined so long as the triglycerides are mixed. Now linoleic and 
linolenio acids form the greater part of linseed oil; their triglyrerides 
have the molecular weight of H78 and 872, and the mean molecular 
weight of linseed oil must approach these figures. (5. Horries was 
the first to make researches by Beckmann's freezing method m 
■benzol solution. The figures 300 to 700 were found tor raw 
linseed oil using concentration. Better results were ohtamwl bj 
freeing the oil from water by dry CO.. Once more ‘1*0 
were determined with strong concentration. They were 708, b74 
and 644, mean 675. Norman tried to determine the molecular weigh! 
of oils by the freezing method in benzol solution and by high con 
centfation obtained high results. By the boiling-ixnnt meth^ th. 
figures differed widsly on strong concentration. Linseed oil gavi 
1182 and as low as 600-4. Ether appears to be the best solvent to 
the boiling-point method, A. Genthe obtaining nearly correct results 
she figures being 800. F. Fokin found by the freezing method 
flolvents were not used—the figures 832. Evidently the mo ecu a 
weight and its estimation require further investigation. Besi es 
triglycerides of the fatty acids, linseed oil contains other substances 
but in small quantity as the glycerides of the fatty acid form 97 pe 
cent, as a minimum, and 98 per cent, as a maximum of msec oi 
The other substances form an interesting section both from a soiet 
i iifi.c and a technical point of view. 
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BESULTS oV OXIDATION OF DIPPEBBNT DRYING OILS BT 
HAZDRA’S METHOD. , 


k 

Oil. 

Dioxystearic 

Acid, 

Sativic 

Acid, 

C„H3A(0H),. 

liousic and 
IsoliDusic Acid, 
C.,H*,0,{0H),. 

Linseed oil . 

Hemp M • • • 

Nut oil ,t • • * 

Hemp-seed oil. 
Cotton-seed „ 

1*2 grammes 
40 „ 

2-5 „ 

8-6 

23-0 

» 

6'5 grammes 

24- 0 

25- 0 

18-5 

31-5 

20*3 grammes 
2*5 „ 

20 „ 

0*3 


TABLE SHOWING THE PERCENTAGE CONTENT OF LIQUID FATTY 
ACIDS IN VARIOUS OILS. 


on. 

Linolenic iNolinolenic 

Acid. Acid. 

Linoleic 

Acid. 

« Oleic 

Acid. 

Linseed oil 

Hemp „ . 

Nut M • , • 

Hemp-seed oil . 
Cotton-seed . 

15 per cent. 65 per cent. 

15 per cent. 

18 

5 

5 

16 per cent. 

70 

80 „ 

65 .. 

60 „ 

5 per cent. 

15 

7 

30 

40 


TABLE SHOWING THE CHEMICAL CONSTITUTION AND PHYSICAt 
PROPERTIES OP CERTAIN LIQUID FATTY ACIDS FROM VEGE¬ 
TABLE OILS AND THEIR BROMINE COMPOUNDS. 


Aoiil. 


Oleic acid . . . 

Oibromstearic acid or di 
brominatod oleic acid 
Elatdic acid . . 

Dibromelaidic acid or di 
brominated ela^^dic acid 
iEticinoleic acid . 
Dibrojnftciiioleic acid 
Ricinelaidic acid 
Dlbromricinela'idic acid 
Linoleic acid . . 

Tetrabromstearic acid o 
linoleic tetrabromide 
ToUairic acid . 

,, tetrabromide 
Linolenic acid . 

„ hexabromide 
Therapic acid . 

octobromide 


Kormala. 


Ci8Ha402Br2 

CigHasOgOH 

OiaH^OoBr« 

c^H^o^oii 

Ci8H3303Br4 


Molecular 

Weight. 

Melting-point. 

Bromine 
Content 
Per Cent. 

282 

+ 14° C. 

- 

442 

Liquid 

30T8 

282 

+ 44-5° 0. 

— 

442 

+ 27-0° C. 

se’Is 

298 

+ *4-8 

— 

458 

Liquid 

34 91 

29S 

+ 32-53° C. 

— 

458 

Liquid 

84*91 

280 

Liquid at 18° C. 


600 

113-114 

53*33 

280 

+ 6° 

— 

600 

67-68 

63*33 

278 

Liquid 

63-33 

758 

180-181 

262 



t 902 

— 

7095 







Table showing the pHopertibs of the hvdroxylated derivatives op the Liquid EattY acids of 
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y Simple reasoning, therefore, tells us that the oils are those which' 
hold the least amount of saturated acid and the largest quantity of 
linolenic and isolinolenic acids, which, having six valencies not satis¬ 
fied, are able to absorb oxygen more rapidly than linoleic acid. 
Moreover, it will be observed that the classification resulting from 
the preceding study is in complete^ concordance with the facts re¬ 
cognised in practice and with those observed by Mulder, and alsa 
vrith the classification which results from the iodine absorption 
data. 

Estimation of the Free Fatty Acids in Linseed Oil.—A perfectly 
neutral fat containing the exact equivalents of glycerine and fatty acid 
to form a pure neutral glyceride does not exist in nature. There is 
always a certain deficiency in glycerine, and the amount of fatty acid 
corresponding thereto is present in the free state. In other words, 
the glycerine corresponding to the free fatty acid has been split off, 
and oxidised to volatile compounds which have escaped. LinseeJ 
contains fat-splitting lipases, as already explained, only in a minimum 
quantity. Accordingly the free fat^y acid content of linseed is cor¬ 
respondingly small. Mulder’s statement that fresh linseed oil is 
perfectly neutral cannot be accepted. 

Pure samples of raw linseed oil, unless oxidised or thickened or 
very old, contain only small amounts of free fatty acid, whilst if 
sophisticated with rosin oil, which abounds in free rosin acids, the 
percentage acidity may be much increased. In the distillation of 
rosin there is a good deal of vesicular carrying over of unchanged 
rosin in the train of the vapour of rosin oil; hence the marked acidity 
>f the latter unless the rosin oil has been well refined by redistillation 
3ver caustic soda lye. Eosin itself consists of a certain organic acid 
which very probably differs slightly in different samples which have 
)een described by different observers as abietic, pimaric, etc., but all 
)1 which are referred to one single acid by Skateloff, viz. sylvic acid, 
dosin has an average aojd number of 164, so that 5 per cent, of 
■osin in an oil would increase the acid number by 8 at least. But the 
latural acidity of genuine linseed oil increases with age by the ac- 
mmulation of the fixed oxidation products of the oil. The older the 
inseed from which the oil is expressed, the greater will be the, free 
atty acid content of the expressed oil. Moreover, during the pressing 
)f fresh «eed, even owing to the practice of forewarming the seed, a 
light increase in the free fatty acid content may occur. So that 
dthough a high acidity might indicate the presence of rosin acids, 
md hence of rosin oil or free rosin, yet it would not be safe to come 
0 a decided conclusion without confirmatory evidence. A portion of 
he acidity may even be due to free sulphuric acid used in refining 
he oil, but any appreciable proportion would point to unmitigated 
arelessness on the part of the refiner in washing, seeing he hardly 
iver uses more than about 1 per cent, of acid. The actual amount 
i acidity due to sulphuric acid is estimated by repeatedly boiling a 
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known quantity ot the'oil with water until free from acidity, oolleot-^ 
ing the ^ash waters, concentrating, and, after cooling, adding neutral ' 
potassium iodide and iodate and titrating the liberated iodine, it any, 
with sodium hyposulphite. The free iodine found is Ailoulated to 
caustic potash, KHO, and deducted from the potash required to neu¬ 
tralise both the sulphuric acid and the organic acids present in the 
sample. The remainder gives tffe free organic acids, which consist of 
the fatty acids from linseed oil alone if the sample be pure, but it 
adulterated it may represent in addition the acidity due to the 
presence ot rosin added either as such or in the form of rosin oil. 
The total free acid is determined as follows ; From 5 to 10 grammes 
of the oil are weighed into a flask and 50 to 100 c.c. of alcohol 
added ; it methylated spirit be used it must bo previously neutralised, 
as it is always acid. Heat on the water-bath, shake, cool, and 
titrate-with deci-normal alkali; add a few drops of phenol-pbthalein. 
The result is calculated to milligrammes ot caustic potash, KHO, per 
gramme of bil. 

The free tatty acid may be quantitatively separated as the sodium 
salt by treating the oil with excess ot dry sodium bicarbonate, and 
extracting the mixture with petroleum ether. The neutralised fat is 
dissolved, and the resultant soap can be separated as fatty acid by 
hydrochloric acid. But the method is not applicable to linseed oil' 
owing to its tendency to oxidise. 

The method of calculation may be carried out as follows: — 

Suppose 9-525 grammes of linseed oil to require 4-5 c.c. of 
deci-normal KOH. 


Then 


4-5 X -0056 X 1000 
f525' 


■ say 2-6 free acid value. 


Tt is sometimes desirable to report the results in terms per cent, 
of oleic acid. Such is approximately obtained by simply dividing the 
ascertained free acid value by 2, thus: ■ 

Let 2-6 equal free acid value. 


Then 


2 


1-3 per cent, oleic acid. 


This method of calculation is ample for a general report. ^ • 

The aoMity of linseed oil expressed as oleic acid, according to 
'’oldlinger, varies from 0-41 to 4-19. Mcllhiny gives an acid value 
of a-0 as the usual figure, which equals oleic acid 1-51. A very old 
sample gave 7-1. Mills allows a maximum acid value of 10. II 
will be readily understood that boiled oil gives higher acid figuret 
than raw oil. Weger allows as high an acidity as 12, and in vep 
much thickened oils he allows 30. However, free rosin may b« 
introduced by fused metallic rosinates, the so-called ‘ resinates. 
With the accent on the e. The acid figure of boiled oil, sayi 
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Mcllhiny, is usually below 5, but it is more uncertain than the raw 
oil. A figure above 10 is in his opinion undoubtedly dije to the 
presence of rosin, which seems rather a dogmatic dictum. The acid 
value of rosin varies from 145 to 180, and its detection is facilitated 
by its giving both a high bromine substitution figure as well as an 
addition figure. But the safest method is to estimate it quantitatively 
by one or other of the methods aSopted in soap analysis, such as 
Oladding’s or Twitohell’s. But the process often recommended, to 
exhaust the oil with pure alcohol and then to add an alcoholic solu¬ 
tion of basic acetate of lead, is not reliable, as linoleate of lead formed 
from the free linoleic acid does not .dissolve in alcohol to any very 
appreciable extent more than the rosinate of lead. The operator is 
thus thrown back upon the character of the precipitate—always a 
very unreliable indication. 

The Free Acidity of Linseed Oil Increased on Oxidation of Lin¬ 
seed Oil; the Percentage of Oxyacids as a Measure of Oxidation,-*- 
Bauer and Hazura found that the acid number of two safaples of lin¬ 
seed oil, kept for four or five yearj in loosely stoppered flasks, had 
increased by 8’9 and 12'1. Fahrion uses the oxyacid content as a • 
measure of the extent of oxidation. In a sample of linseed oil, over 
one year old, which had not been heated in any way but kept in a glass 
vessel not quite full and often opened to take out samples, Fahrion 
found an iodine value 151, together with 6 5 per cent, of oxyacids. 
As a test this oil was heated for four hours at 110° C., when the iodine 
number sank to 136'1, whilst the oxyacid content rose to 11 per cent. 
Thomson and Ballantyne left linseed oil in an open vessel with 
constant stirring, exposed to the air for six months. The density 
rose from 0-9325, its original oil, to 0-9331 at end of first month, to 
0-9385 at end of six months; the iodine number sank from 173-5 to 
166-2. 


TABLE SHOWING MONTHLY INCREASE IN DENSITY IN OILS EX- 
POSED TO AIR IN UNCORKED BOTTLES FROM ONE MONTH TO 
SIX MONTHS, THE BOTTLES BEING SHAKEN EVERY MORNING. 
(THOMSON AND BALLANTYNE.) 


» 

Oil 

Density, 

original. 


Densities at find ^ £ach Month. 

• 

1. 

2. 

3. 

4. 

V 

6. 

Olive 

0-9168 

0*9187 

0*9193 

0-9208 

0*9216 

0-92 7 

0*9246 

Castor 

0-9679 

0-9681 

0-9691 

0*9700 

0 9700 

0-9686 

0*9683 

Colza 

0*9168 

0*9183 

0*9172 

0-9185 

0 9184 

0*9200 

0-9207 

Cotton-seed 

0*9226 

0*9287 

0-9241 

0*9261 

0*9278 

0-9304 

0*9820 

Araohis 

0*9.09 

0-9213 

0*9221 

0-9233 

0-9239 

0-9256 

0-9267 

linseed . 

0*9825 

0*9381 

0*9336 

0*9358 

0-9359 

0*9372 

0-9885 







!ABLE showing the free agio OONTfeNT OF VARIOUS Sji«pr.*I 
• OF LINSEED OIL. 


AnthoiHity. 

No. of 
Samples. 

i 

Origin, 

•> 

Acid 

No. 

i Free Fatty 
• Aci<l, Per 
Cent. 

Iteiiiarkn. 

Nordlinger 

10 

- 

- 

0-41-4-19 

Technical oil, 
Average 1*57 

Haselhof . 

3 

— 

•— 

0-074)-27 

From pure seed 
froah pressed. 

Lewkowitsch 

4 

3 JtiiHAian, 

1 Indian 

1-3-1-3 

— 

Schestakoff 

11 

lius&ia 

— 

! 0*65.4 *38 

_ 

Tamarchio 

0 

Various 


0*35-l-i0 

_ 

American Committee 

4 

U.S.A. 

l’l-3-3 

— 

— 


Eslimdlion of the Mixed Faltj/ Acids of Linseed Oil .—To calculate 
lese it is not sufficient to takij the chief iiiKrodients of linseed oil 
in the form of their respective tri^dycerides, formulating these as 
CaHjfCjjHjjOjjj and These fonnulue calculated 

for both glycerides give 1)5'7 per cent, for linoleic acid and 9h (>7 for 
linolenio acid, and the mixed fatty acid content of linseed oil must 
therefore closely approach these (igiires. Mulder found similar 
figures after the removal of the volatile fatty acids; he estimated the 
fixed fatty acids thus: he saponified linseed oil by aqueous lye, de¬ 
composed the soap by dilute H.^SO^, filtered off the fatty acids, washed 
them with water dissolved in alcohol, evaporated the solution and dried 
the residue at 100° C. (212° 1’’.). In a linseed oil prepared by himself 
he found 95'4 per cent., in a commercial oil, 95 per cent, of mixed 
fatty acids. The results were rather low. Mulder heated myristio 
and palmitic acids on tin plates for six hours at H0° C., and found that 
they did not change in weight, whilst linoleic and linolenic acids 
increased 12T per cent. On another occasion Mulder found that 
linoleic acid increased in weight on heating. That this increase 
cannot be neglected was shown by R. H. Tatlock of Glasgow. He 
heated the mixed fatty acids of linseed oil for varying periods at 
90° C. and found after 24, 48, 96, 120 hours an increase in weight by 
increments of 1'25, 1-23, 0‘42 and 0T9. , • 

Muldef^’s method descriixid above was modified by Hehner. He 
dispensed with solution in alcohol, collected the fatty acids directly 
on the filter and dried. The percentage yield of fixed fatty acids 
turned the Hehner number. In the case of drying oils the ilehner 
process was but little practised, as in the draining of the fatty acids 
on the filter paper auto-oxidation was started. ■ 

Pahrion prepares the mixed fatty acids of linseed oil thus: N/2f 
alcoholic potash is used for saponification. To prepare it 120 gramme* 
of pure KHO are dissolved in their own 'height of water, and th#’ 
:,.*;.V0L.'I. - 7 
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solution made up to a litre with 96 per cent, alcohol thoroughly 
mixed by agitation, and filtered next day through glass wool or 
asbestos, or through strong filter paper. It is advisable to ascertain 
the proportion of the very pure commercial electrolytic potash lye, 
which contains over 70 volumes per cent. KHO, to be mixed with 
' 96 per cent, alcohol and filtered ne:j# day. A less quantity of lye 
will, of course, be used. Saponification is best effected in a porcelain 
basin of 100 c.c. capacity, the outside of which is unglazed, which 
can be conveniently put on the plate of the balance scales; In 
another basin 2 to 3 grammes of linseed oil are weighed out, 10 c.c. 
of the above lye added and warmed writh constant stirring on the 
water-bath, eventually on the wire gauze, until the alcohol is com¬ 
pletely expelled. It is then made certain that complete saponifica¬ 
tion has taken place. The soap is completely dissolved in 50 c.c. 
warm water, and this solution transferred to a separating funnel. 
When cold, 25 c.c. petroleum ether, completely volatile .at 75° C. 
(167° F.), is first added, then 10 c.c. of 10 per cent. HCl, well 
agitated, and let stand till morning, when the acid aqueous solution 
is run off, and the petroleum ether solution brought on to a tared 
porcelain basin, which is best only half-filled. It is brought on to 
a gently boiling water-bath and the petroleum ether evaporated. 
When that is effected, the water-bath is brought to a strong boil and 
the basin left thereon for an hour. When the temperature of the 
bottom shows 90° C. it may safely be taken that the last trace of solvent 
has been evaporated. The basin is wiped with a soft towel, dried 
forthwith, and completely cooled, best on a metal under-surface, then 
weighed. Fahrion found 95 to 96 per cent, by this method, which 
is rather high, as the oxidation of the unsaturated fatty acids is in¬ 
complete. The Hehner value of the non-drying oils comes out high, 
hence it is to be regretted that only slight information is available 
as to the Hehner value of linseed oil. Lewkowitsch gave 95'5 as 
an average. 

After Mulder, thirty years elapsed without further progress on 
the above question. We have now to deal with so-called soluble 
driers, by which boiled oils may be made, in which the metallic 
content can be adjusted to a nicety. But, away back in 1895, Amsel 
declared that pure linseed oil dried in 3 days; with 5 per cent. 
“ drier”'in 24 hours. Lippert rightly charged Amsel wit^h making 
a mistake, because pure linseed oil, in drying, varied with the sur¬ 
rounding circumstances, and also in the case of the drier the nature 
of its metallic content intervenes. He then made two solutions of 
precipitated manganese linoleate in turpentine, one with 9'9 grammes 
to the litre, the other with 2'8 grammes manganese to the litre, mixed 
25 c.c. linseed oil with 5 c.c. of the above solution and spread the 
boiled oil so obtained, which contained from 0'014 to 0‘049 per cent, 
manganese, on tin plates. The first dried in 24 hours, the second 
in 48 hours. Weger therefore decided that the conclusion from- 
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this experiment was that within limits the more drier, the quicker ’ 
the dry^. There are, however, three things which (may happen:— 
1. The drying capacity rises proportionately with tiie amount of 
drier. 

3. He gives a maximum capacity for each drier. 

3. On exceeding the maximwm the drying capacity lowers. , 

Mean Molecular Weight of the Mixed Fatty Acids of Linseed Oil. 
—Linseed oil fatty acids dissolve freely in alcohol. An alcoholic 
solution of these acids can therefore l)e titrated with standard soda 
and the mean molecular weight calculated from the result. If * be 
the molecular weight, then 1 IHre contains x grammes of oil; when. 


therefore, a grammes (or at the most three) uses b c.c. j- 


1000 a 


Piles of acid numbers of the mixed fatty acids are given in the special 
5 literature. The titration results are calculated to milligrammes of 
KHO for 1 gramme of fat. 

The following formula shows the relationship between the two:— 

Molecular weight =■ ,, , . 

acid number 

The molecular weight of linolenic acid is 278, that of linoleic acid 
280. The molecular weight of oleic acid is 282. Its presence in¬ 
creases the mean molecular weight; again, the unsaponifiahle, con¬ 
sisting of neutral bodies, with the solid fatty acids, palmitic 228 and 
myristic acids 256, lower the mean molecular weight. It will readily 
be seen that as the mean molecular weight of linseed oil fatty acids is 
between 275 and 280, its acid number must lie between 200 and 204. 
In practice, the acid number is greater than the moan molecular , 
weight. 


Tortelli and Pergami acid No, = 194’6; molecular weiglit =• 288'2 
Fahrion ,. „ = 193’2; „ =■ 289'9 

Schestakoff , ,, — ; „ , „ “ 303 


As to the above figures it is to be noted that during heating of the 
linseed oil fatty acids a portion of the carboxyl groups is changed. 
Formation of acid anhydrides cannot occur; they are formed below 
100“ C. and are unstable in contact with water. The formation of 
lactones ig improbable, as oleic acid is only convetted into 

stearo-laetone by acting on it with powerful reagents, e.g. 

concentrated sulphuric acid or zinc chloride. Finally stearo-laqtone 
melts at 51° C., and undergoes no change on saponification si^’bxyr 
stearic acid is not present. However, neutral bodies are formed 
which lower the acid number by the saponification of the remainder 
«f the original acid. The mean molecular weight is best determined 
as follows: The fatty acid is treated with excess of alcoholic potash 
;Srnd the excess determined. A normal solution is generally used 
(which can be made by diluting a strong solution of its own volumj 



uoo? 

of alcohol, 

of the above s'ohii^n -Th^rroinZ? 
the Mlution titrated back with normal HCl. ^ ^ 

ThtYff “ adjusted by a blank experi- 

saponification number. Compared wi^hT. i 

are identical but genemlly S r thJl number the results 

weight of the inner half frL fhe ^ 

weiJht 2?7'9 Sr*’ "““ber 201.8;'molecular 

wSt.276 5.’ ^P°n.ficatibn number 202-5; molecular 
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Sample 

No. 

1 Acid No. 

Saponification No. j 

Acid 

No. 

Mean Molecular 
Weight. 

Saponification 

No. 

Mean Molecular 
Weight. 

I' 

II. 

III. 

201-8 

194- 7 1 

195- 2 

278-0 

288-1 

287-4 

199-8 

199-8 

199-0 

280-9 

280- 7 

281- 9 


Lewkowitsch has apparently found 
for the mean molecular weight of the 
than for their saponification number 
absurd. ’ 


in two instances higher resulta 
acid number of the fatty acids 
which on the face of it seema , 


seining weak acid grrunrwWch Tnl i •‘‘® 

he reaction only orZinmin 7.^.-“““^ 

ibove saponification number is too hieh and °th shown that the 

DOleouIar weight 276-5 is too smaii^ ^o^^'esponding mean 

.ingJ79-7. 

umber of linseed oil itself, it suffices to d^^Sne'th^^mS^* 
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nilligrammes of KHO required to neutralise the mixed fatty acids' 
from l*gramme of linseed oil. Naturally this figure is lower than 
Ihe saponification number of linseed oil fatty acids by about 4 to 5. 
per cent., as linseed oil contains only 95 to 96 per cent, of fatty acids,’ 
The saponification number of linseed oil may be determined quite 
similarly to that of the linseed'oil fatty acids, only gentle heating in 
this case is not used. About 3 grammes of oil are boiled with 25 o.o. 
of about normal alcoholic potash, until the solution is completely taken 
up and heating continued tor 1 minute; when cold the excess of alkali 
is titfated back with normal HCl. The dissociation of the soap must 
he guarded against, and the alcoholic strength of the solution should 
not sink below 50 per cent.; when during boiling the alcohol becomes 
•dilute it must be strengthened by fresh alcohol. 

T.'VBLE OF saponification VALUES OF MIXED PATTY ACIDS OP 
• LINSEED OIL COLLATED BY FAHRION. 

I Authority. | Sa|toniilcatioii No. I 


• F Filsinger, Cliem.-Etg., 1894, 28, 1006 . 

‘ W. Thcitner, Chem.-Ztg., 1H94, 28, US' . 

' H. Amsel, Zeitsehr. f. angow, Cbem., 1895, A 75 
1 K. Henriques, Zeitschr. f. angow. Chem., 1896, 8, 722 
J. Lowkowitsoh, Chem. Rev., 1898, 6, 29 . 

. Tortelli und Pergami, Chem. Rev., 1902, 9, 182 
J. van Itallie, Pharm Weekblad, 1903, 40, 106 . 
Tolman u. Muueon, J. Amer. Chem. Soc., 1903, 25, 964 
’ C. Niegemann, Chem..Ztg., 1904, 28, 97 . 

Thomson nod Dunlop, Analyst, 1906, 31, 281 . 
i American Committee. 


TABLE SHOWING THE MELTING-POINT AND SOLIDIFYING-POINT 
OP THE MIXED PATTY ACIDS FROM LINSEED OIL. 


187’8.192'8 
190 -192 
188 -190 
198'5-196-3 
192-9-194-8 

189- 8 

192-9-198-6 
191-7 
187 -196 
191-4-192-8 

190- 4-192-2 


Authority. 

1 ‘'C. 

Meltlngvpomt 

Hlen . . . * . 

. i 17-5 

24 

i Hubl. 

. j 18-8 

J7 • 

j Lewkowitscb 

19-20'6 


! Livaohe .... 

. ! 210 

28-0 

1 De Negtis and Fabris 

16-17 

20-21 

1 Tboroer . . . 

13-6 

17 

Tolman and Munson , 

. . j 

19 2 

; 



The specific gravity of linseed oil fatty acids is not often detef 2 
mined. Their melting-point being above 15° C. requires a high^ 
temperature. Their expansion coefficient is unknown, naturally kb# 
correction figures fOr linseed oil do not apply to the fatty 
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Becent researches have shown that the quite fresh fatty 
far more readily oxidised than linseed oil itself. 


Allen' 

1 K.K 

d~ = 0-9233 

Bearn 

dgl*- 0-9158. 

Archbutt 

= 0-8925. 

Thorner 

0-889. 


acids ar 

V 



CHAPTER VII. 
the testing of linseed oil. 

Determination of liosin Oil and Mineral Oil 

"srSf; St “ !» 

.a (tai».rf a,.... 

bv the fluorescence of the sample), or tor 
tlm presence of rosin oil (indicated by the 
high specific gravity of tlie sample and y 
its fluorescence), or for the presdlice of both 
these hydrocarhide oils, are saponitied with 
26 c.c. of alcoholic potash, 80 grammes 
of caustic potash to the litre of alcohol in 
a capacious porcelain basin, care being 
taken to apply heat very cautiously at first, 
as the mixture froths much and is apt to 

take fire. ,, 

A perfectly clean flat copper plate should 

be kept ready to cover the top of the porce¬ 
lain basin to extinguish any such fire in- 

When frothing has ceased a gieater heat 
may be applied, but in bringing the soap to 
dryness at the end, care must be taken to 
avoid charring or overheating, which might 
distil off some of the rosin oil, etc. The 
operation may be done very well on the 

ii,:.sand-bath with care. , , . 

The resultant soap is dissolved in the 
basin in 50 c.c. of boiling water and trans¬ 
ferred to a separating funnel of about 200 
c.c. capacity, using about 20 to 30 o-c- of 

r^hng^^O Tc”of Ttheflr^^ded, and the solution and ether 
‘ex^dient which should be to as httle as possible, and 


Fio. 42 .—Sepamting fun- , 
nel showing separati»n 
of the ethereal solution 
of rosin oil from the soap 
mode from linseed oil 
containing rosin oil. 




Httle alcohol as is absolutely necessary should be used. The soap 
solution is then run off through the stop-cock whilst the ethereal* 
solution is tun into a separate flask. The soap solution is then 
returned to the funnel and again agitated with ether and the process 
repeated until the soap solution cedes no more rosin oil, etc., to the 
'ether. Three or four extractions as 'above may be necessary before 
the ether floats to the top as a colourless layer. The ethereal 
solutions are united and washed with a small amount of water to 
eliminate any dissolved soap or free alkali. The ether is distilled off 
on the water-bath and the residue dried and weighed. The soap 
solution is saturated with ether, and when ether is clear it may pay 
to recover it by distillation. In a works laboratory the greater part 
of the ether may be driven off by using several beakers of boiling 
water brought from the waste steam pipes, and if the laboratory 



lights are all out there is no danger of explosion. Nine-tenths of 
laboratory explosions are ether explosions. (Ether vapour will 
explode or burn 12 feet away from its source, and the flame or 
explosion strike back to it.) 

^ Fig. 43 shows an apparatus fitted up for fractionally distilling an 
pilvarnishby the aid of steam so as to carry over the unchanged turps 
in the train of the steam. The volatile portion of the oil varnish is 
thus separated from the two other ingredients forming the fixed 
portion which cannot be distilled without decomposition ; these oon- 
,^sist of (a) fused resin dissolved in (b) linseed oil, and drier, possibly 
*|i fused linoleate, or a fused rosinate, or a mixture of both combined 
jyrith either lead oxide or manganese oxide, or both. 

The Percentage of Spirits of Turpentine, and other Volatile Oils in 
Xiinseed Oil, etc. —Benzene and other solvents, etc., spirits of turpeo- 
iJjine, coal-tar benzene and its homologuea; shale naphtha and petro* 
jjpum naphtha, shale spirit deodorised or otherwise, are readily detected 
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in linseed oil, whether raw or boiled, and whether they be present i 
eomparatively small or relatively large proportions, by their cha 
acteristic smells, which are accentuated by placing the Ail in a te 
tube or other vessel so as to hall fill it, and then dipping the tul 
into boiling water after having corked it up. On releasing and r 
moving the cork the characterfctic odour of the individual volati 
solvent present will make itself felt. Moreover, the greatly dimii 
isbed flash-point will also show substances of this nature, which ai 
also revealed by the low specific gravity if present in any guantit; 
To estimate the volatile oil quantitatively about 300 grammes ai 
heated by a bath of molten paraflin wax or by an air-bath to aboi 
130’ C. in a flask capable of being connected with a vessel in whic 
steam is generated. It therefore has a cork fitted with an inlet tul 
reaching nearly to the bottom of the vessel B, a thermometer inserts 
Into the oil, and a tube for leading the steam and the vapour of spirit 
of turpentine, etc., which it carries in its train to a Liebig’s condense 
The distillate C collected in the receiver 1) will consist of two layers, a 
•upper one of spirits of turpentine, etc., floating on a layer of wate 
The former is separated from the latter by a separating funnel, an 
weighed or measured. The layer of condensed water retains tract 
of the volatile oil, but so small that it may very well be neglectet 
Mcllhiny found it to be about J'of 1 per cent. 

Petroleum spirit may, it is claimed, be separated from spirits ( 
turpentine by treating the mixture with fuming nitric acid. Petroleui 
spirit remains unattacked, but spirits of turpentine is converted int 
substances which can be dissolved in water, and thus eliminated frot 
the mixture, leaving a residue of more or loss pure petroleum spiri 
A measured amount of the distillate is run into 300 o.c. of fuming nitri 
acid (very slowly, drop by drop) contained in a 250 o.c. flask attache 
to a reflux condenser. As each drop of the oil falls on the fumin 
acid a very violent reaction ensues, and the flask should be immerse 
in cold water to keep it cool, and it should be agitated from time t 
time. When the whole of the volatile oil to be treated has bee 
added the flask is let stand until all action has ceased, when il 
contents are run into a separating funnel (Fig. 42) and repeatedl 
ksvashed with hot w^ter, which eliminates the products produced h 
the interaction of the spirits of turpentine and the fuming nitric aci< 
i^uch produtts being soluble in water. The residual petroleum spir 
is now measured and brought to per cent, by volume of the distillal 
and then to per cent, of the original oil. j^owever applicable th 
method may be to petroleum naphthas consisting of pure paratfinqi 
hydrooarbides, it is on the face of it wholly inapplicable to inter ali 
shale naphtha, largely consisting of megnbers of the ethylenic seric 
^"Pf hydrocarbides, the so-called “ olefink,” all of which are readily a 
:^ked by nitric acid. This is a poi^ which seems to have been ui 
Itocountably overlooked by those writers who recognise and quol 
^he abqve method as an efBoient (^e for separating petroleum spit 
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from spirits of turpentine. It is very evident their knowledge is 
mere book knowledge, and poor at that! 

Mr. PhiHips, late chemist to the Great Eastern Railway, separated 
turps from linseed oil by distilling in an atmosphere of coal gas. But 
this method seems to the author to be open to several objections. 
There is no saying whether any, aftd if so what, substances might 
not be dissolved from the coal gas by turps and carried forward in 
the train of its vapour. The determination of volatile substances in 
linseed oil has been made the subject of an inquiry by the U.S. 
Bureau of Standards, and the author’s recommendation of the- 
Mcllhiny process in this treatise vvas quoted by the Bureau. 

Saponification Value or Koettstorfer Figure of Linseed Oil. —This, 
is defined as the number of milligrammes of caustic potasb, KHO,. 
required to completely saponify 1 gramme (i.e. 1000 milligrammes) 
of linseed oil. Or, to use British units, it is the number of grains of 
caustic potash required to saponify 1000 grains; or, for that matter, 
the number of tons of caustic potash required to saponify 1000 tons 
of oil. Divided by 10, the saponAcation number again gives the 
number of pounds of caustic potash required to saponify 100 lb. of oil. 
It is really a very simple matter, but the use of foreign, if scientific, 
units (grammes per litre when lb. per 100 gallons has the same mean¬ 
ing and effect) tends to render it unintelligible to the non-soientitic 
layman. 

Reagents. —(1) Standard hydrochloric acid, the strength of which 
is expressed in terms of caustic potash, KHO. The semi-normal 
acid is the most suitable; such an acid contains in every litre, that 
is, in every 1000 c.c., 18-25grammes of anhydrous hydrochloric acid, 
HCl. The pure solution of hydrochloric acid is diluted by referring 
to the tables of density with distilled water until this strength is- 
reached; its exact strength may be determined by estimating its 
chlorine as chloride of silver, AgCl. The solution may also be 
standardised by titration with a known weight of pure, dry, freshly 
ignited sodium carbonate, Na^COj, every 106 grammes of which are 
equal to 112-2 grammes of caustic potash, KHO. The hydrochloric 
acid, to be perfectly semi-normal, should be so diluted that 0-265 
gramme of pure anhydrous sodium carbonate require 10 c.c. of the 
diluted acid for neutralisation. The exact strength of the standard 
hydrochloric must always be known in terms of caustic potash, which, 
when exactly semi-normal, is 1 c.c. = 0 02805 KHO. 

Alcolwlic Potash Solution.—This need not be of a very exact pre- 
letermined strength, but should approach, as far as practicable, the 
jemi-normal, so that 1 c.c. of the alcoholic potash solution neutralises 
i, c.c. of the semi-normal acid. To 1 litre of alcohol 30 to 40 grammes 
of caustic potash are added, or rather 75 c.c. of an aqueous solution 
of caustic potash of; 45° Bauind or 90 c.c. of 36° Baum4 are run into 
a litre of alcohol, and the whole allowed to stand and filtered through 
a ribbed filter, or decanted after clarifying into a bottle with a straight 
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neck and corked with an india-rubber stopper, through a hole in whic 
a 25 0 . 0 . f ipette passes, the end of which is closed by a piece of indii 
rubber tubing and a small clip. It is not advisable to prepare tc 
much of the solution as it is not stable. The alcohol should be tl 
purest obtainable (if methylated spirit be alone available it shoul 
be purified by redistilling it ovei* soap). The alcohol should not bi 
come brown, the colour of rum, or cod oil in the process. A yellowis 
tint does not interfere with the titration. 

Process .—From 1‘5 to 2 grammes of the filtered or othei wif 
prepared oil are weighed exactly into a 150 to 200 c.c. flask, then S 
o.c. of the alcoholic potash solution measured out by the pipette, i 
the stopper of the bottle, are added. It is not necessary to rigidl 
measure out 25 c.c. exactly, but precisely the same quantity mui 
be taken for each experiment. After the contents of the pipett 
have drained it is better to grasp tightly the bulb of the pipette in th 
palm of the'hand and “squeeze," as it were, the remainder of th 
liquid out of the pipette ; the heat of the hand expands the air insid 
the pipette, and the top aperture being closed by the finger, the e> 
pansion of the air causes all the liquid, except the merest traces, I 
be forced out of the mouth of the pipette. A similar flask, with 2 
c.c. of alcoholic potash, is used as a blank experiment, and both title 
with reflux condensers are heated on the water-bath simultaneously fc 
halt an hour, and afterwards cooled. Two to three drops of phono 
phthalein are then added to each flask, and the contents titrate 
with the semi-normal hydrochloric acid. The difference betw'ee 
the blank flask and that containing the oil is calculated into potash 
or, the volumes of alkaline solution added being equal, the difforenc 
found is potash used up by the oil. 1 c.c. of acid =■ 0 02805 gramm 
of KHO, and this factor multiplied by the number of c.c. of acid coi; 
Burned gives a number which, x 1000 -i- by the amount of oil taker 
gives the number of milligrammes of caustic potash consumed b 
1 gramme of oil, and this figure is generally called the Koettstorfe 
figure or saponification value. 

equivalent weights op caustic and CAltBONATED ALKALI. 
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Caustic potash . i 

KHO 

66-1 

1122 

Caustic soda 

NallO 

40 

B 

Anhydrous potash 

K,0 

94*2 

94-2 

Anhydrous soda . 

Na,0 

(>2 


ift>tassiuin car- 



Sodium carbonate I 

Na,CO, 

100 

to 

bonate 

¥ 

KjCOj 

133-2 

138-2 

Soda crystals . 1 

Na^CO-j + lOaq 

286 

28 


The strength of commercial alkali is always expressed in pe 
iMDt, of anhydrous alkali, as in the second horizontal line; if th 




caustic potash be pare it contains 94'2 per cent., and knowing the 
saponification value of the oil and the percentage of anhydrous potasl: 
in the alktEIi being used, the calculation of the amount required tc 
saponify any given oil or rosin whose saponification value is knowi 
is a simple matter. 

Analytical Examples. —(1) WhA'e the acid and alkali are hot! 
semi-normal, and (2) where neither are semi-normal. 

Example 1.—Linseed oil taken .... 1'75 grammes 
^ Normal alcoholic potash taken . 25 c.c. 

4 „ acid used in back titration 13 c.c. 

12 c.c. 

Bach c.c. semi-normal acid = 0'02805 gramme KHO. 

12 .. „ =0'33660 

0'3366 gramme KHO x 1000 = 336’6 milligrammes_KHO. 

= 192'4 milligrammes ^HO. 

It therefore took 192-4 milligrammes of caustic potash to completel; 
saponify 1 gramme of the linseed oil in question. 

Example 2.—Benedikt and Ulzer give the following example 
2'012 of oil were saponified with 26 c.c. of alcoholic potash and 9-& 
■c.c. of standardised hydrochloric acid were used in back titration. 2 
c.c. of the alcoholic potash =■ 22-5 c.c. of the standard hydrochlori 
acid. Again 1 c.c. of the standard hydrochloric acid = 0-0301 gramm 
■caustic potash, KHO. There was used in saponification of the oii 
therefore, an amount of caustic potash equal to 22-5 - 9-65 = 12-8 
•c.c. of test acid, hence 12-85 x 0-0301 gramme x 1000 = 386-8 milli 
grammes, -r 2-012 grammes, amount of oil taken, = 192 24 milli 
grammes for 1 gramme of oil. The oil tested therefore had th 
saponification value of 192-24. 

The saponification value of linseed oil is higher than that of moa 
■oils, but it can only be regarded as affording an indication of purity 
Even a comparatively high saponification value is no guarantee tha 
the oil is not adulterated with non-drying oils which approach it ver; 
closely in this respect; neither is it a guarantee that unsapohifiabl 
■■substances, such as hydrocarbide oils, are absent. The only way t 
■determine the absence or presence of these is to actually separat 
them out (and weigh them) by the saponification process first intro 
duced by Thomson, and afterwards elaborated by Allen, which con 
sists in first saponifying the oil and then extracting the hydrocarbide 
-oils from the aqueous solution of the resultant soap by ether (see 
pp. 103-104). 

When the saponification number is as low as from 180 to 185, thei^ 
adulteration with rosin oil or mineral oil is to be strongly suspeetedj - 
■and when it falls lower than 176 their presence is certain (Weget),) 
It may fairly be demanded of a raw oil that its figure 8ha,U 



lower than 187 and ot a boiled oil not lower than 186 (MoDhiny).' 
The high temperature used in the old-fashioned prooess of oil-boiling 
reduced the saponification value much greater than the much lower 
temperature now used with modern processes, in which readily soluble 
^ers, rosinates, and linoleates are used. The amount of metal' 
^troduced into the oil in the form of a metallic rosinate or linoleate 
BS so small as not to produce any very appreciable effect on the saponifi- 
[oation value, and some of the boiled oils now in the market have 
wlmost as high a saponification number as that of the raw oil. 

! The Ester Number of Linseed Oil. —It is the difference between 
ithe acid number and the saponification numlxjr. The two former 
therefore added together give the saponification number. The 
estimation of glycerine may be dealt with here. One molecule of 
glycerine (molecular weight ~ 92) combines with 3 molecules of fatty 

atiids, so the formula-gives the amount of glycerine 

in 1 gramme of oil. Hence the ester value shows’the percentage of 
glycerine in linseed oil as S'5 per*cent. If we take 191 as the mean 
saponification number, the acid number as 3, then the moan ester 
number is 188 and the mean glycerine content as 10'4 per cent. 

Iodine and Bromine Value of Linseed Oil. —Linseed oil con¬ 
sists largely of unsaturated glycerides, the fatty acids of which com¬ 
bine by direct addition with 2, 4, or 6 atoms of bromine or iodine. 
Rosin, rosin oil, and mineral oil do so only to a slight extent, and,, 
menhaden oil excepted, no other adulterant to as great an extent as 
linseed oil itself. Direct haloijcn addition is not the only action ; 
there is another in which one-half of the halogen combines with the 
oil and the other half combines with hydrogen, which the first half 
of the halogen has displaced from the oil. The halogen has formed 
a substitution compound with the oil. If the hydrogen of glycerides 
can be but very sparingly replaced by bromine or iodine, it is not so. 
with rosin, rosin oil, and mineral oils. In fact though rosin and 
rosin oil absorb large amounts of bromine they do so by substitution 
and not by direct addition, and with American petroleum oils sub¬ 
stitution compounds bulk largely in the absorption. 
i The halogen absorption of oils is generally determined by Hubl’s 
& method. It'affords valuable data as to purity of any sampla 
'of linseed oij. But it does not differentiate between absorpfioh by 
(1) addition and (2) substitution. It fails to discriminate between 
Jrosin and linseed oil, the absorption figures of both linseed oil and 
'“rosin being somewhat close. 

Reagents. —(1) Iodine Solution. —Dissolve 25 grammes of pure 
t,iodine in 600 c.o. of 95 per cent, alcohol. Dissolve 30 grammes of 
i'lperouric chloride corrosive sublimate in 500 c.c. of 95 per cent. 
);atOQhol. The last solution, if necessary, is filtered, and then the two 
^Bhlutions mixed. The mixed solution should be allowed to stand 

hours before using. Iodine chloride is formed according to the 
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following equation: 41 + HgClj = Hglj + 2IC1. The latter cal¬ 
culated to iodine absorption per cent, of the oil or fatty acid gives 
the iodine «umber. (2) Decinormal Hyposulphite of Sodium Solu¬ 
tion. —Take 24'6 grammes of chemically pure hyposulphite of soda 
freshly pulverised as finely as possible and dried between filter or 
blotting paper. Make this up to •1000 c.c. at the temperature at 
which the titrations are to be made. (3) Starch Paste. —1 gramme 
of starch boiled in 200 c.c. of distilled water for 10 minutes and 
cooled to room temperature. (4) Solution of Iodide of Potassium. —' 
100 grammes of iodide of potassium dissolved in water and made up 
to 1 litre, (5) Solution of Bichromate of Potassium. —Dissolve 3-8657 
grammes of chemically pure bichromate of potassium in distilled 
water, and make the volume up to 1 litre at temperature at which 
titrations are to be made. (6) Chloroform. —This should be pure and 
should not affect titration results of iodine solution after 3 hours’ 
standing, . 

Manipulation—Standardising the Sodium Thiosulphate Solution. 
—Eun 20 c.c. of the potassium biclfromate solution to which has been 
added 10 c.c. of the solution of potassium iodide into a glass-stoppered 
flask. Add to this 5 c.c. of strong hydrochloric acid. Allow the 
solution of sodium thiosulphate to flow slowly into the flask until the 
yellow colour of the liquid has almost disappeared. Add a few drops 
cf the starch paste and with constant shaking continue to add the 
sodium thiosulphate solution until the blue colour just disappears. 
The number of cubic centimetres of thiosulphate solution used multi¬ 
plied by 5 is equivalent to 1 gramme of iodine. Example. —20 c.c. 
K.^jCrjOj solution required 16-2 c.c. of sodium thiosulphate; then 
16'2 X 5 = 81, which is the number of cubic centimetres of thio¬ 
sulphate solution equivalent to 1 gramme of iodine. Then 1 c.c. thio¬ 
sulphate solution = 0-0124 gramme of iodine. Theory for decinormal 
solution of sodium salt: 1 c.c. = 0-0127 gramme of iodine. A. Weighing 
the Sample. —About 0-15 to 0-18 gramme of oil is to be weighed in a 
glass-stoppered flask holding about 600 to 800 c.c. B. Absorption of 
Iodine. —The oil in the flask is dissolved in 10 c.c. of chloroform. 
After complete solution 30 c.c. of the iodine-mercuric chloride solu¬ 
tion is added from a pipette. The chloroform and iodine should give 
<a clear solution; if not, more of the former must be run in for that 
purpose, and 25 c.c. more iodine if the colour be discharged, as an ex¬ 
cess is necessary. After 2 hours the deep brown colour must still 
be persistent. The flask is now placed in a dark place and allowed to 
stand, with occasional shaking, for another 2 hours. G. Titration 
of the Unabsorbed Iodine. —300 to 500 c.c. of distilled water is added 
to the contents of the flask, together with 20 c.c. of the potassium iodide 
solution. Any iodine which may be noticed upon the stopper of the 
flask should be washed back into the flask with the potassium iodide 
jsolntion. Any red precipitate of mercury iodide would indicate an 
. insufficiency of potassium iodide which has to be remedied by adding 
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)ore. The excess of iodine is now taken up with the standardised ,• 
ttdium thiosulphate solution, which is run in gradually through a. 
jarette, with constant shaking, until the yellow colour of the solution 
^8 almost disappeared. A few drops of starch paste are then added 
bd the titration continued until the blue colour has entirely disap- 
pared. Towards the end of the reaction the flask should bo stoppered 
tod violently shaken, so that any iodine remaining in solution in the , 
nloroform may be taken up by the potassium iodide solution in the 
rater. A suflicient quantity of sodium thiosulphate solution should' 
le added to prevent a reappearance of any blue colour in the flask 
or five minutes. O. Control ESrperimejits .— At the time of adding 
he iodine solution to the oil two blank flasks of the same size and 
lature as those used for the determination should be employed for 
ionducting the operation described above without the presence of any 
)jl. The difference between the mean of the results obtained by the 

ODINE FIGURE, OB BATE OF ABSOBPTION OF IODINE PER CENT. 

OP RAW LWSEED OIL. 


loiline Figure. 

Observer. 

fodiiic Figure. 

- 1 

Oliwrvcr. 

i 

171-175 1 

Ijowkowitsch. 

17S-5-ia7*7 1 

Thomson A. Ballaiityuo. 

; 170-181 

Bonedikt. 

171-179 1 

SliukolT. 

J 178-195 

Ulzer. 

17G-3 I 

Wijs, by his lodinu 

171-190 j 

Holdc. 

201-H j 

Clilorido Method. 

1 

IODINE VALUE OF FATTY ACIDS OF RAW LINSEED OIL. 

Iodine Value. 

1 

Observer. 

loiliiio Value. 

j Obnorver. 

178-5 

Williams. 

159-18S 

De Negri and Fabrin. 

179-182 

Ijewkowitsch. 

179-192 

Holde. 


IODINE ABSORPTION PER CENT. OF VARIOUS OILS. 


o 

Mini- I 
mum. j 

Maxi¬ 

mum. 

• 

Average. 

Oil. 

Miui- 

luum. 

Maxi¬ 

mum. 

Average. 

Candle-nut 

•136'3 

163-7 

150 

Walnut 

143 

152 

150 

Beech-nut. 

102 

112 

108-109 

Olivo. 

79 

88 

82-88 

Cotton-seed 

102 

111*2 

106 

Palm 

51 

52*4 

51*5 

Butter 

26 

35 

38 

Castor 

82 

85-9 

84*5 

Coco nut . 

8 

9-36 

8-5 

Beef-tallow 

35-5 

^4 

89 

Cod-liver . 

123 

106 

114.148 

Seal . 

96-5 

152*4 

128 

Barth-nut. 

87-3 

103 

94-96 

Rape. 

98 

104 

100-101 

Hemp-seed 

140*5 

166 

150 • 

Sesame 

103 

112 

108-109 

Hazel-nut. 

83'2 

86-9 

84-8 

Sunflower. 

122 

134 

128 

Bone-fat . 

16 

65 

49 

Sperm 

81-3 

84 

82-5 

Lifiseed 

170 

196 

178 

Grape-seed 

94 

99 

96-5 

Poppy-seed 

134 

143-3 

138 

Whale 

Wood 

^0*9 
! 149*7 

130 

105-7 

110 

160 
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iSdINE value and other •• CONSTANTS " OF DIFFERENT BRANm 
OF RAW LINSEED OIL. (LEWKOWITSOa) 
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to « If 


.2 

1 3 


•f" 

Linseed Oil from 

I’lo 

s 

'o 

Saponifica 

Value 

1 K 

1 .3 
i 1 

i 

!p 

j is 

1 a 

If 

f 

Finest Calcutta linseed, two months 

1 



1 

( 



old. 

Finest Calcutta linseed, three years 
old, kept throughout that period in 
an airtight vessel, shielded against 
light • . . . ° . 

Finest Petrograd linseed, three 

0-981G 

1-3 

193-2 

170-46 

O-G 

0-66 : 

0-3324 

1-3 

192*5 

174-03 

0-7 

0-70 ' 

months old . 

Finest Potrograd linseed, seven 

0-9334 

1*3 

192*2 

177-25; 

1*1 

0-88 

months old . . -. 

Baltic linseed, commercial; the seeds 

9-9815 

1-3 

193*1 

176-23 

0-98 

0-56 

contained an admixture of mvisnn 







and camelina seeds.... 
Finest and purest Baltic linseed; the 

0-9343 

1*3 

194-3 

170-05 

1-1 

0-73 : 

sample was kept away from light 
for thirteen years .... 

0-9410 

7-2 

195-2 

175-84 

11 

1*95 


IODINE ABSORPTION PER CENT. OP LINSEED OIL 
FATTY ACIDS. 
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Iodine Absorption of the 
Linseea Oils. 

Iodine Absorption of the Linseed 
Oil Fatty Acids. 

Calculated. 

Found. 

Fahrion . 

Holde 

Thomer . 

Williams . 

181-3 

171-190 

177-178 

188-lr8 

190-4 

178-200 

18t-187 

190-198 

181-4 

179-182 

155 

178-5 


T u.- r 7 corresponds to iodine used 

which 18 brought to per cent, of oil. This number gives,iodine figun 

^w^oir ■ often approaches that ofthi 

aw oil, especially, with a rosinate or linoleate drier. 

Example :— 

Weighed out 

Required for blank experiment 
Required for actual test 
Therefore iodine absorbed 


155 mgs. linseed oil. 

47'i!0 c.c. thiosulphate solution. 
23'86 O.O. 


---• . . 28'36c.c. 

Strength of thiosulphate solution » O-OllTS me L ser e n 

Then gg-8C x 001175 X 100 ." 

2^ *» • per C6Qle 




. I 177-8 
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Wijs’ Modification of Determining Iodine Absorption of Oils .— 
Thirteen grammes of iodine are dissolved in 1 litre of glaoial acetic 
acid on thetwater-bath, and, after cooling, chlorine is passed through 
the solution until its titration strength is doubled, a rather sharp 
alteration in the colour indicating the point. In conducting the 
analysis from 10 to 20 drops of the* oil are carefully weighed into a 
wide-mouthed stoppered bottle, pure chloroform or carbon tetra¬ 
chloride is added, and when oil is dissolved 25 c.c. of the Wijs’ 
solution. After standing for 15 minutes potassium iodide solution is 
further added, and the volume made up to 150 c.c. with water. It 
is then titrated with thiosulphate •in the usual manner, including 
blank experiment. The Wijs’ method agrees somewhat closely with 
the Hiibl, but the former gives rather higher results. Harvey found 
with rape oil (Hubl’s method) 101-6 and 104-9. Cod oil seems to give 
as much as 7 or 8 per cent, higher by the Wijs’ method than by 
Hubl’s. The advantages of the Wijs' process are rapidity (earth-nut 
absorbs 98-9 per cent, of its full quantity in one minute), stability of 
solution, and quick and accurate Asults. The previous table gives 
Wijs’ results with raw linseed oils of different origin. 

Wijs tried to show that the density of the oil and the iodine 
number were correlated as shown by above table. 

Mcllhiny’s Bromine Absorption Method .—About 0-2 gramme 
of the linseed oil to be tested is placed in a glass-stoppered bottle, 10 
c.c. of carbon tetrachloride added to dissolve the oil, and then 20 c.c. 
of third normal bromine in carbon tetrachloride run in from a pipette. 
Another pipetteful is run into another similar bottle. It is convenient, 
but not absolutely necessary, that both bottles should now be cooled by 
immersing them in cracked ice. This causes the formation of a partial 
vacuum in the bottle. The bromine need not be allowed to react with 
the oil for more than a few minutes, as the reaction between them is 
nearly instantaneous. Twenty-five c.c. of a neutral 10 per cent, solu¬ 
tion of potassium iodide is introduced into each bottle by slipping a 
piece of rubber tubing of suitable size over the lip of the bottle, pour¬ 
ing the iodine solution into the well thus formed, and shifting the 
stopper slightly so as to allow the solution to be sucked into the 
bottle, or, if the bottle has not been cooled, to cause the air as it 
iSBoapes from the interior to be washed by Bubbling through the 
potassium iodide solution. This prevents the loss of any bromine or 
hydrobromic acid. The iodide solution introduced, the bottle is 
shaken, and set in ice for a couple of minutes more, so that there 
may be no loss when the stopper is opened, due to slight pressure 
inside the bottle. The solution reaction causes heat and pressure. 
The free iodine is now titrated with tenth-normal sodium thiosul-. 
phate, using as little starch as possible as indicator. At the end of 
this titration 5 c.c. of a neutral 20 per cent, solution of potassipm) 
iodide and a little more starch solution are added, the iodine liberatedi- 
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account of the hydrobromic acid produced in the original action ot 
omine on the oil, and titrated with thiosulphate, h roin the figures 
obtained, the total percentage of bromine which has disappeared 
calculated, and the percentage of hroinine found as hydrobromic 


IiMline Number, 

• 

Number of 

SampleH. 



>200 

• 1 

195-1 to 200 

i 

190’1 195 

4 

1H5*1 „ 190 

4 

180*1 „ 185 

f> 

<180*1 

5 


Pfiisity Jj!. 


0-9S52 
0'9:^39 
()-9329 

0-9317 

09310 


I 


! 

i 


4BI,E showing the great VAIUATIONS in TO^HF- 

m? mvPKRFNT SAMPLES oV JJNSEED ACCOTIDING TO i IJ^ 

^4BE“r obseLers and as determined by different 

TviF/rnoDS. 


Authority. 


American 
Coinmitteo 
Fail ri on 
Filsingcr 
Gill and 
I.amb 
Holdo 


Hunt 


Ki 1 and 
Anlusch . 
Eitt 

Lettenmayer 

Eewkowitaoh 


Iodine Number., and 
I'roceaa Used. 


lfiS-9-186'4 Hanua. 
171-183 H. orll.W. 
178'l-lfi5-3 


178-180 

171-18!) 

171 190 

174-8 

177-3 

174-6 


Wijs. 

Hanua. 


181-187 H. orH. W, 
m-3-175-3 „ 

171-9-177-7 Hanus. 
183-8-193-3 H. or H. W 
170-6-177-8 
178-193 Wijs. 


Antlioi-ity. 


Mari-.usacu . 
Maatbaum . 
Nie^emann . 
Shukofl 
Sgollema 
Tbomson and 
Ballantyne 
Thompaon 
and Dunlop 
Do Vries 

Wijs . 


Williama 


Iodine Nnnibera, and 
Process Useil. 


f 174-8 n. or H. W. 

1192-6 Wija. 

178-188 H. orll.W. 
ir.9-4-180-6 
171-179 
ll(;4-0-186 
1177-0-198-1 Wijs. 

173-5-187-7 H. or H. W. 

186-5-206-4 Wijs. 
183-6-204-0 „ 

/180-9 11. or H. W. 

1182-2 Wijs. 

177- 0 H. or H. W. 

178- 1 Wijs. 

i 182-2-201-8 Wijs. 

I 183-188 Wijs. , 


-acid called the “bromine substitution figure,” is also calculated 
^ Se tm these two the “bromine addition figure” is oh 
^^subtracting twice the bromine substitution figure from the total 
■^bromine absorption— 


C.H,.Oj + Br 

Fatty acid. 









lie? 




18 present.’ If the bromine substitution figure is normal the absence 
If an oil contains rosin, rosin oil, or mineral oil, the fact is brought 
out, and an indication given by the figures so obtained as to which one 
of more toan a very small quantity of turpentine, benzine, rosin, or' 
rosin oil is assured. The process can be carried out in the time neces- 
wry for weighing and titrations, as'^the standard solution, unlike the' 
Hubl solution, does not deteriorate on keeping if tightly closed, so that 
It 18 always ready for immediate use, and there is no waiting for some 
hours for the reagents to act upon the oil, as in the Hiibl process, the 
reaction taking place immediately. The bromine additiom figure of 
linseed oil lies ordinarily between 100 and 110. Age lowers the 
halogen figures of linseed oil. A low “ addition figure ” may also be 
caused by rosin, rosin oil, benzine or mineral oils, which have figures 
usually below 15; by the presence of some other seed oil, the com¬ 
monest of this class being corn and cotton-seed oils, having figures in 
the neighbourhood of 73 and 63 respectively; or by the oil, in case 
It IS a boiled oil, having been boiled in the old-fashioned way at a 
high temperature. If the “addition figure” is very much higher, 
than 110, It will be found that the oil contains turpentine, as all 
mu *“ided have lower figures than linseed oil. 

ihe ‘bromine substitution figure” of genuine linseed oil is about 3. 

A much higher figure would point to turpentine, rosin, or rosin oil 
which give figures from 20 to 90; to the presence of some petroleum 
product, as benzine, having a figure in the neighbourhood of 15, or a 
heavier petroleum oil, which may have as low a figure as linseed, or 
may be much higher; or to the presence of mineral acid in the oil, 
which may be allowed for by a separate determination of its amount’ 
as described under the determination of the “ acid figure ”. 

Both the Hubl and the “ bromine addition figures ” are practically 
the same for boiled oil as now made as for raw oil. Boiled oil made 
by the old process at a high temperature distinctly lower figures on 
account of the effects of the great heat upon the oil. The amount of 
bromine equivalent to the iodine absorbed as expressed by the Hiibl ’ 
figure has been calculated, and by dividing this result by the “ bromine 
addition figure,” a figure obtained for each oil which is intended to 
^express, by the amount it exceeds 1000, the amount of substitution 
of lodme which has gone on in the Hubl iodine absorption. For 
example, if the figure obtained for an oil by'the calculation described 

18 found to be 1-075 It indicates that the Hubl figure is in that case 

75 per cent, higher than the true iodine figure, which should express 
the iodine absorption by addition. The “bromine addition figure ” 

IS not sensibly affected by the time the oil is allowed to remlin in. 
oont^t with bromine, but the “ bromine substitution figure ” probably 
IS. ihe difference between five minutes’ and thirty minutes’ contact, 
however, does not appear to be marked, unless the substitution 
IS very high, as pure rosin or turpentine. " 
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i oasjying out either the Miibl or the bromine process upon oils : 
aeoessary that an excess of iodine or bromine shored be used 
inting to as much as the oil absorbs. Many iodine figures on 
i are too low because this precaution was not attended to. More 
nation is to be obtained as tijthe character ot a sample of linseed 
iT.determining the bromine figures than by any other single test, 
e case of an oil of unknown character, it would in most oases be 
able first to apply this tost to it (Mcllhinyp 
tcllhiny found tor a raw linseed oil the iodine value of 1H4'2 by 

f bl’s method and a total bromine absorption of llfi'l, which number 
eed closely with that calculated from the iodine number llO'S. 
Mcllhiny’s method involves the use of ice for cooling purposes 
id that is a drawback which has militated against its adoption. W. 
lubel claims to have given the method a more handy form. The 
I is dissolved in chloroform or carbon disulphide and agitated with 
^ aqueous "solution of potassium jierbromate, KBrO^ and KBr. 
tstead of thiosulphate sodium sulphite is used to estimate the excess 
bromine. If the bromate solution is not used in excess but the 
;etic acid solution of the fat titiatisl direct by IICl and K Br, a portion 
the double bond remains intact. Linseed oil gav(! a primary 
•online number of 75'.f) to 80 and a secoinlary bromine number of 
)7'7, from which the iodine absorption number of 170"7 is calculated. 


Thk Bkbcentaok ok iNsonuimK Brominr Dkkivativks. The 
IlKXAmiOMinK Numhkr. 


This determination was proposed hy Hehner and Mitchell 
Analyst,” Deo., 1898, vol. xxiii., p. 310). It dejiends upon the 
,ot that linseed oil, when dissolved in ether and treated with bromine, 
ves direct bromination compounds of glycerides and bromine which 
«re insoluble in the ether, while oil containing glycerides of oleic 
acid only, and even semi-drying oils like cotton-seed and corn oils, 
give soluble compounds. 1 to 2 grammes of the oil are dissolved 
in 40 c.c. ether, and acetic acid added in a closed flask, cooled to 
fi° C., and bromine added drop by drop until the red coloration 
becomes permanent. After standing for 3 hours the ineoluble* 
bromine derivative is filtered through asbestos, washed with 5 c.c, 
pf acetic acid alcohol and ether, and dried on the water-bath until 
,of constant weight. The fresh hexabromide number of linseed oil 
"varies generally between 20 and 26, but higher results have been 
•obtained;— 


Hehncr and Mitchell . 
Walker and Warburton 
Lewkowilsch, 1864 . 

-1904 . 


to 25-8 
23-1 „ 28-62 
24-17 
87'72 
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Hehner and Mitchell obtain the following percentages of,in8olubl» 
bromine compounds from different oils:— 


Linsoodoil .... 

Per Cent. 

. 23*86 to 26*8 

Poppy oil . 

. 0*0 

Com oil ... . 

. . 0-0 

Cotton-Moed oil . 

. 00 

Olive oil 

. 00 

Almond oil . 

. 00 

liapC'Koed oil 

. 0*0 

Whale oil . 

.25*0 

Cod oil .... 

. ' . . . 34-5 

Cod-Iivor oil ... 

.42*<J 

Shark oil ... . 

.22-0 


Tbe process, which seems to be a valuable one, detecting adultera¬ 
tions of linseed oil with other seed oils, has been satisfactorily reported 
on by Mcllhiny. Two samples of raw linseed, six samples of boiled 
linseed, two of corn, and one of co,tton-seed oil, tested by him, gave 
results agreeing substantially with' thow! of Hehner and Mitchell. 
Two samples of mineral oil, one light and one heavy, one sample 
of rosin oil, and one sample of turpentine failed to give any precipi¬ 
tate of insoluble bromine derivatives. 

Maiimeni .< Thermal Test.-—l. The sulphuric acid to be used in this 
experiment should be pure, of specific gravity 1-845, and should be 
kept in a well-stoppered and capped bottle. The stopper should not 
be left out a moment longer than that required to extract the neces¬ 
sary quantity. Have the acid in a bottle (i inches high,, with a 
thermometer inside. 


2 . Counterbalance a glass tube, on foot, standing heat (about 
li inches in diameter and 7 ounces capacity), and weigh in accu¬ 
rately 50 grammes of the oil. 

y. Immerse both the sulphuric acid and the tube containing the 
oil in water contained in a tin vessel 5 inches deep, 2 quarts capacity, 
and apply heat. As soon as both the acid and the oil are at a teni- 
peiature of 20 C., draw out 10 c.c, of the acid with a pipette and let 
it flow gradually at the rate of 1 c.c. every 5 seconds into the oil, 
without touching the sides, stirring very energetically all the time 
with tjje thm-mometer. After all the acid is in continue to stir 
exactly for half a minute, then move the thermometer more slowly, 
noting the exact degree at which it ceases to rise. 

A pure sample of oil should be tested in the same manner pre¬ 
cisely, immediately before tbe suspected article. No two persons, 
unless actually working side by side, will ever get absolutely identical 
figures, and rarely then. So delicate is the rise of temperature that 
the same operator must needs be careful to obtain constant figures dn 
repeating the experiment on the same oil. It is customary to record 
results expressing the nett i-ise of temperature thus: Let total ‘ 
temperature rise be 130° C., initial temperature 20° C. Then 130' 0/, 
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‘ 30 » C.,- 110“ C.. which would be about the Maumenfi number for 

inuine wwlins^ od.^ fish oils the reaction ft onorgotio. 

In the case of h ...hiiat the mixture assumes a gluey 

i,undant . acid and oil is a matu>r of gr^t 

snsistence , thorougn mix s . g^tUfactory read- 

ifficulty. Moreover it has to he used to 

ags of “'® advisable to mix linseed, etc., oils m 

nownVoportion with an oil on which suU.huric acid has no gre 
:etion, such as petroleum oil alone with 

inseed oil has affected the latter. 

MAUMEKfi-S TEST. HESULTS WITH TYI-ICA,. OH^S. . 


Oil. 


Linseed 
Hemp-bced 
Walnwt 
Poppy-«oed 
Niger-seod 
Sunflower 
Soia-bean 
Cotton-seed (cnulol 
(rrfin-''^ 

Olivo” . 

Dolphin 
Monhaden 
Cod liver 
Whale (Arcti 

Seal 


I Maumeur. .R-iyuot. i An-hbutt. j AlU-n. 


K-) 


lOd 

101 

74 


•d) 


104-124 


H2 


S4 

77 

40 


102-lOd 


... y...- - , 

(AntarctH 


ftO-HW 


70 

70-70 

41-45 

42 

12H-1‘2H 


liO 


i 101-111 


HI 


0700 

74-75 

41.40 

41-47 

120 

lid 

01 


J)6 Negri 
and Kabris. 


122-120 

ofj-rni 

00 

K7-HH-6 

72-75 

117 


.d2-d7 


02 


"specific Temfierature UeacUon 
rise of temperature ^\™g’“^"g,,"’of*^temperature produce.l by 

of sulphuric acid, divided y „ nf the same sulphuric acid, 

. rnte s“i^“lrundrr' ideutical conditions, gives a «uotier4 
termed the’specilio temperature reaction. 


Origin of Oil. 

1 

Anlhority. 

Spetdlc 

Tfin- 

tNirature 

Reaction. 

1 

Origin of Oil. 

1 

Autliniity. 

Siiecific 

Tt-ni- 

iwjratttrc 

Kfcsction. 



-- 

.. 

Thomson and 
liallantyno 
Jenkins 


^Itio . 

1 East Indian. 

Thomson and 
Bailantyne 

849 

820 

Uiver Plate. 

820 

318 
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Marsden aifd Dover dcsorilTtL «* a®>d- 

the heat of dilution of the snlnhi. •• PP®™^^® *’y and give 

method of standardisinff the atim and the 

tube used as a ca 0 «®®®“‘i®lly » Dewar’s 

are given in a tew“ulaS i .I'^ 

acid containing 95'10 per cent of T-f'qn'* oil, using 

strengths of sulphuric acid w,io Ll • diffetent 

specie heats of oil®, fats, and waxeVnisolli""'^ " 
twee;ltrng^:nrl'lj„!,:f,7"^ differentiating be- 

applied according to PouL’s origSTnsti^ctionf‘^Thr’'’‘‘“' 

to apply the tost is as follows- A , P'‘°P®'’ "'^y 

measure. (3) Mercurv d Ih in n„ ' v' swan-neck mminf 

(4) Glass rods rounded 1 on end 

(5) Glass flask, 30 rncos B P ’ ‘he other. 

Weigh out in any suUable M "f solution- 

60 grammes of metallic mercu.y rurit hd^th* “ ’’fl®'*®''’ 

place the latter in a vessel of w„tn’ “ capacious flask; 

draught; then add carefullv and grTdualK^'a toT "V* 

grammes of nitric acid ■n.nnir e'“““aiij, a tittle at a time, 75 
the flask well immcised’inTb K«0P 

are partially retained by the solu'^o ** °i **'o fumes, which 

piple. Transfer to a Ilf-stSe ed b'1 , P™' 

with date, as it does not keep so veiy long"’ '® “ °''''® ®‘‘ ‘'=®‘ 

i9..i.u2iTJS,r“..“2S' 

iirect to a welhfitting strppered Utk A 
tiatei-ials the stopper is tiuhtiv fiTOfi • 11 addition of the 
ifith occasional shaking in iolcold ’irt^ ‘ri** °''®''l ‘“mersed 
when the solution is ready for use WorkW thk ®®“®®'^’ 

istio green solution is obtained and if kenr7 “ ®*'®racter- 

preserved for upyvards of two ykrs or more “ ^ *’* 

«»f the above sZtion" “prom rsen“‘“/ 6**5® ““^oot 10 minims 
minims of oil on to the ton of “'mm measure run in 100 

incorpoiute the mercury slZi^ and ZZV i-"' 

With a small glass rod, dubbed out at the ““‘““ously 

‘ill viscous in a bun^n orllo ‘ il^*'Lme '’®®“ 

against a slab of slate, stone. eZ BeZt t^tes7“ “ 

sample of pure olive oil and with eii,„ u j ‘ ^ ^“°wn 

with 6 per cent., 10 per wnt 15 ne “I adulterated, respectively, 

^ng in the testglasseson f^et unW n^t m"™^" 



live oi^ gives a oanary-ooloured hard mass which can be lifted 
^mpletely out of the test glass by the glass iwl absolutely intact, 
Ind while still adhering thereto if it bo struck against the test glass 
^ emits a metallic resonant sound or musical note. Most writers 
efer only to the time which oils take to solidify under the action 
if this reagent. The author prefers, as the I'esult of prolonged ex- 
rreience in the testing of olive oil, to take the ultimate hai'dness and 
»loor after a reasonable time, say, 5 p.iii. to 9 a.ni., as the standard 
o go by; and the results have never been called in question. It 
vould be well if innovating analysts would test the original process 
horoughly before modifying it for the mere sake of the vainglory 
)f adding one more useless modilication to numerous others. I’outet’s 
jrocess was perfect before h(‘ enunciated it. The innovators have 
jnly brought an excellent method into disrepute. They have never 
Saken the trouble to teat the original method hut have acted on the 
itterly unsound principle that because a method is an old method 
ts results must be false, and their own methods with a trace of 
Bovelty are peiforoe the only true ones; but therein lies degeneration. 



CHAPTKH VIII. 


THE PHYSICAL PROPERTIES OP LINSEED OIL. 

Thk Drtkction of Adui.tksation in Linheed and other DiU’INO 
Oils iiy Oikianolkptic and Physical Methods. 

A. Organoleptic properties of linseed oil, (I) smell, (2) taste, (3> 
colour. 

I. Assfynint/ the Value iif a Sample of Haw and Hoikd Linseed 
Oil by Smell.—ik> characteristic is the smell of raw linseed oil that 
it is almost impossihle to add any oil to linseed oil which has got 
a pronounced odour without that odour being almost as pronounced 
in the raw oil to which it is added as it is in the original adulterant. 
Hosin oil and fish oils make themselves felt in linseed oil by their 
characteristic and powerful odours. The trade is told that linseed oil 
itself develops a fish oil smell as it oxidises. But it may safely be 
said it does not do so under normal conditions. Under abnormal 
conditions it may develop a sort of putrefactive fermentation as when 
scrim is stored in badly corked bottles. Borim is an unfinished re¬ 
action, and no one in his senses would apply an unfinished product to 
perform by itself alone the functions of a finished product. He would 
be a still more foolish person that would make any deductions what¬ 
ever from this unfinished unstable product and apply them to 
thoroughly dried paint films. What have thoroughly dried paint 
films to do with half-dried oil skins? There is no analogy between 
scrim and the linoxyn of a real dry paint film. Pish oil is perhaps not 
so readily revealed by its smell in boiled oil, but it manifests itself 
even then when energetically rubbed between tbe palms of the hands, 
I6S if ojie wore making a lather, and then applied to the nostrils. 
The oharaoteristio smell of hurning rosin is developed When the oil 
is burned, if it should contain either rosin or rosin oil. The smell of 
the pure genuine oil is very characteristic, especially when newly 
pressed; it then has a bland, mucilaginous, appetising odour, forms 
the very best and most palatable and most wholesome of edible oils, 
but this odour gives place as the oil ages to a somewhat rank, but not 
unpleasant, though still oharaoteristio smell. The newly pressed oil 
should not give off the smell of cooked turnips which have been over¬ 
heated in the operation. That is a sign that the oil has been' 
made from seed containing rape, or other cruciferous oils, and that it; 
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« been extracted at too great a steam heat. The nose is a very 
letul fMtor in the testing ot oils, and no opportunity should be lost 
training and exercising it in its duties in this respect. Hut ono 
ust not be led away even by a smell into the tields of imagination ; 
le must not imagine himself in Dante’s Inferno every time one 
nells sulphur. None the less*lhe man who handles linseed oil or 
lint should know the smell of crude gasolene when juesent in an 
oil-can or in an anti-fouling composition or other quick-drying paint. 
But motor-cars have popularised gasolene. The stench of the former 


article was its danger signal. . „ i. „ i 

An abnormal uncommon smell in linseed oil is generally due t<' nsh 
oil and rosin oil, etc., also to some volatile oil or another, \\hen 
water is distilled over linseed oil. or when linseed oil is treated with 
a current of steam, it should yield no other distillate than condensed 
Vater; a volatile distillate would point to spirits of turpentine or 


petroleum Spirit. 

‘ 2 . Ta.s/e.—The taste of linseed oil is also as characteristic as its 
smell; when new it is bland and ])leasant; old oil is slightly acrid. 
Fish oils can hardly he delected in linseed oil by their taste unless 
present in large proportion but the most minute trace of rosin oil 
Ln most easily 1 * detecleil. When a linseed oil containing rosin oil 
first impinges on the palate nothing very much amiss is discovered 
at lirst, and the operator thinks, as far as taste is concerned, the ml 
is all right, and perhaps if uninitiated goes away satisfied to iierlorm 
some other test on the ml, but by-and-by a bitter, biting, acrid, 
nauseous taste makes itself felt on the back part of the palate, which, 
in pronounced cases, makes one shudder and expectorate to ‘ 1 '"* 
of it. But it remains persistent for some considerable time, lliere 
is no necessity to recall the taste of rosin oil, one, remembers it all 


one’s life. , , r » 

3 . .Uussinij ih'c, Common oj any (nro.n Samj'lo of Kau 

Linseed Oil by Us C’o/««r.--The colour of mm hnsood ml is iisiiallj 
a brownish-yellow, while refined linseed oils are almost colourless 
Baltic linseed oil is a dark olive-green in bulk and not at all a pleasant 
looking liquid. A blue or green fluorescence exbibitcd when the Ol 
is . oked at on a blask background with the back to ‘he light is a sun 
sign of adulteration with either mineral or rosin ml. This bl^m ma, 
be somewhat removed from the rosin oil by the addition of i lb. ti 
1 lb. of di-nitro-naphthalin to every 10 gallons ot rosin oil, but th 
method is too costly ; besides the fluorescence has a tendency f^ 
return. Moreover, the nitro-naphthalin renders the oil acid, and 
besides, it throws the rosin or mineral oil several shades back ii 
darkness of colour. Again, the nitro-naphthalin leaves a residuuc 
or organic nucleus in the oil which readily lends itself to detectio 


fade vol. iii.). „ j r • in 

i Assessiiuj the Quality of any Given Sample of Doiled Linseed G 
y its Colowr.—This may vary from the pale colour of the raw oil itse 
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when soluble driers are used, e.g. manganese liuoleate fuaea oy 
blowing the oil, to port wine or even porter colour, the latter colour 
being characteristic of oils from which the oxide drier has not had 
time to settle out. fluorescence or bloom should be carefully 
looked for by spotting a drop of the oil on black paper, or on , 
the black cover of a note-book, ani turning the back to the light, 
lowering the paper to the knees, and gradually raising and lowering 
it at several inclinations. If any rosin oil or mineral oil be present 
it generally shows itself by the bloom manifested under those cir¬ 
cumstances. But the bloom is not, so readily seen in boiled as in 
raw oil, especially wben the rosin oil has been 
boiled along with the linseeil. When the 
rosin oil is boiled along with the linseed, so 
long as not more than 2 or 3 per cent, of 
rosin oil is used, the practice is not quite so 
bad as at first sight might appear; the acid¬ 
ity of the rosin oil is corrected by the litharge, 
and the rosin acids are converted into rosinate 
of lead, and thus assist in stimulating the dry¬ 
ing propensities of -the oil, and the profit on 
this small addition pays for the cost of boiling. 
The painter does not care to pay much higher 
for his boiled than he does for his raw oil, and 
to this extent he shows himself tmreasonable. 
When the oil is full of flaky matter, and even 
after filtration continues to deposit foots, it 
points to common cotton-seed oil having been 
boiled with the oil. Its stearine separates out 
ad infinilmn. 

The Natural Fluorescence of Printing Ink 
Vehicles. —Burnt oil made from pure raw , 
linseed oil must not be mistaken for the ad- 
Fio. 44.—Thmuohydro- ventitious fluorescence due to rosin or mineral 
meters for oil. -i t. • j . i- i i 

oils, it IS due to a pyroligneous product 

produced, during the burning of the oil. The colour of linseed oil 
from a bleaching point of view is dealt with elsewhere. 

* Physical Properties of Linseed Oil. —(1) Specific gravity; (2) vis¬ 
cosity ; (3) index of refraction; (4) optical deviation of light polari- 
metry; (6) m.p. of oil; (6) m.p. of fatty acids; (7) solidification- ^ 
point of oil; (8) solidification-point of fatty acids. 

Specific Gravity. —The specific gravity of linseed oil at any given 
temperature is its weight compared with the weight of an equal bulk of 
water at the same temperature taken as unity. Sometimes, however, , 
the density at 100° C. (212° P.) is referred to water at 15° C., or 60° F. 
(16'5° C.), and so on. The reason of this is that the specific gravfty ,' 
ibottle which is used to take the density of the oil is graduated at, say, | 
,6.0° F. Moreover, the difficulties in gr^uating a specific gravity botdq j 










212“ F. are sufficiently obvious. The specific gravity bottle may l)o 
kd graAiated to hold 1000 grains at 60“ F. or 50 grammes or 100 
ammes. When the bottle and stopper are tared in the case of the 
100 grains bottle, the numlter of gn»ins added to restore etpiilibrinm 
ves directly the specific gravity of the oil, but in the case of the 50 
amines or 100 grammes the A;act weight added to restore equili- 
•ium has to be multiplied by 20 or by 10 respectively. For all 
lactical purposes the density of linseed is taken with sufficient 
icuracy^ by the hydrometer. The. moat useful bydiximoter for 
laeed oil testing is graduated from llOO to 'OuO. The oil refiner and 
filer could not invest in two more serviceable instruments. Life is 
o short for taking the specific gravity of linseed oil by spt^cilio 
■avity bottles or Westjihal balances. It is only wanted to the third 
jcimal point, and that is given correctly by any accurate bydro- 
lOter. It will be seen that no two observers agree in regard to the 
'avity of Wnseed oil at any given temperature!. Possibly somi! of 
lese variations arc due to experimental errors, but as a matti*r of 
.ct it would be very difficult to gel two samples of oils repiesiuiting 
ifferent bulks to coincide exactly in density, and not only in density. 


IBLE OF FOKMUIj.E CONVKHTINO DKOKKKS OH INOICA- 

TIONS OP VAHIOU.S IIVDUOMKTKltS INTO AOTU.ll, GllAVITV. 
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but in other particulars, and it may be advisable to discuss here, 
once for all, the reasons for this continual variation. The density 
of linseed oil, like all its other so-called chemical and physical “ con¬ 
stants ” (sic), varies (1) with the general purity and with the pedigree 
of the seed from which the plant which produced it sprung; (2) with 
the soil on which the plant producing the seed (which when crushed 
yielded the oil) grew; (.3) with the climate in w’hich that soil was 
located; (4) with the manure applied to the crop; (5) with the 
time of sowing; ((>) with the previous rotation of crops; (7) with 
the season whether wet or dry; (8) with the after cultivation; (9) 
with the time of harvesting, i.e. whether the seed was allowed to 
ripen too little or too much, i.e. whether or not the exact moment 
was seized for harvesting the crop, when the oil in the seed was in 
that state of maturity in which, after rational harvesting of the flax, 
threshing and storage, and winnowing of the seed and expression 
therefrom of the oil. the latter excels in all those good ([ualities for 
which linseed oil is so justly and so highly esteemed. Examples of 
influimces which alTe.ct the linseed crop adversely need not be 
multiplied. Independimtly therefore.of impure seed and adultera¬ 
tion of the. oil, whether hy intentionally crushing it with a greater 
or less amount of seed which is not linseed, or after expression by 
the addition of an oil previously expressed from seed which is 
not linseed, or hy the addition of marine animal oils (lish oil, whale 
oil, etc.), mineral oils or rosin oil, the density of genuine linseed 
oil, like every other so-called chemical and physical constant, varies 
within rather wide limits. It is a very ditlicult matter indeed to 
convince the uninitiated that the properties of genuine linseed oil 
are not like the law of the Modes and Persians, “ which altereth 
not”. But having gone into the reasons wdiy raw linseed oil varies 
in composition and properties, it will only be necessary to refer 
to the matter again when it is especially important to do so. Pre¬ 
suming, however, that wo are dealing with a genuine oil, the density 
should never go below 0'931 nor above 0 934 in the case of raw 
linseed oil. Books and trade journals give higher densities, but the 
normal oil is not to be met with on the market with a higher density 
than 0 934; even 0 933 is rare. The linseed-oil consumer is to a 
groat eittent indebted to the farmer for the purity of the oil supplied 
to him. The crasher must needs sell his oilcake, and ak, e.g. rape- 
seed can be detected under the microscope and also by chemical 
means in the linseed cake, the crasher cannot very well crush a 
.certain amount of non-drying oil with his linseed should it yield an 
cU of very high gravity. He can, of course, sophisticate it after¬ 
wards, but some crashers innocently imagine that if they crash the two 
eeeds together, and thus treat the oil exactly alike, the fraud will 
escape detection. So it may if the linseed oil from that particular 
,batch of seed be of itself of high gravity and yield high tests generally, 
^he rape-seed oil crusher has mountains of unsaleable rape which he.i 
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rould if he could sell in the form of linseed cake. But then the 
rusher uFould be in hot water with the farmers and the agricultural' 
ooieties to which they belong; his oilcake would got a Ixul name, and 
a the end the crusher would only prove once more that honesty is 
le best policy. The farmer is the paint-gi inder and varnish-maker’s 
jst friend. His chemical and tnioroscopical control of tlie linseed 
Icake market is perfection. This control has long reacUsl on the 
urity of linseed oil without the users ever giving it a thought. 

Oils of Similar Gravity to Linseed Oil. —The only oils approaeh- 
ng linseed oil in gravity are Ijallemantia oil and certain lish or 
oarine animal oils, which can bfi detected by methods given in the 
oquel. The specific gravity of wood oil is much higher than linseed 
11, viz. 0 940. 

Oils of Different Gravity to Linseed Oil. —All other v(‘getahlo 
rying and non-drying oils are s)iecifically lighter than linseed oil, 
fith the exception of wood oil, castor oil, croton oil, rosin oil, the 
iVdrocarbide oil produced by the destructive distdlation of rosin. 
Vhen linseed oil is dear there might he a tendency to adulterate it 
pith lower grade castor oil. The greater density, unless mani|)ulated 
0 meet the case hy the addition, say, of rajie oil, would at once in- 
icate the sophistication, hut herci conu'S in the had elfect of the high 
naximum densities given in liooks. Sup))oaing 10 jier cent, by 
olume of castor oil 0 900 gravity were added to a linseed oil of 
I'Odl gravity. 

Wo got!( s 0-931 = 8-379 
„ „ 1 X 0-980 -oro 

1 0)9-.-i39 
0-9339 


low, as far as specific gravity is concerned, no one can go into a court 
f law—in face of the traditionary matter in regard to the sjiecifio 
ravity of linseed oil given in hooks—and swear that the above sample 
I not genuine linseed oil. But happily every particle of the castor 
il can be separated by alcohol and weiglu'd. So the sophisticator 
as to bear in mind that his oil must not satisfy one test alone; it 
aust b.»ti8fy at least a score of teats. Itosin oil can bo separated out 
■om linseed oil almW ns easily as castor oil; when the soft soap,, 
lade from » linseed oil containing rosin oil, is dissolved in water 
nd shaken up with ether, the latter extracts all the rosin oil and 
oats to the top of the soap solution from which it is decanted, the 
ther distilled and the rosin oil weighed as already described 
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SPIOIPIC GHAVITY OP SAW LINSEED OIL FROM VARIOUS SOURIS. 


Olwerver 

■r. 

Density. 

1 . Allmi . 

1.5 

()- 082 . 0 ’ 9 :l 7 «: 

2 . I)c Ntigris and 

99 

0*8809 

PabriM 

15 

o-'mj 

. 8 . Filsingor 

17 5 
•15 

0-9305 

16'5 


15 

,, , 0 -'.M -29 

15-5 




4. Uill and Lainl 
4a. lIonriqiieH 
“ fToldo 


•JO 


6. Jjowkowitnch I I,')*.') 


7. Mcllhin.v 

8 . Nicgoiuaini 


9. tiausHuro 


10. Soiioibler 

11. Shukof! 

12. Souchere 
18. Slillwoll 

14. Thayaon 
16.1'hoQQsou and 
Baiiant^n 
1,6. Tomaadjia 


17. Uta 

18 . U.S.A. 


15 


(leriiian.v 

India 


O-.KSJIO'O.JJO 
()-S) 81 .l.-}m 4 K.S.A 
0 -«.Sl.')- 0 'y 37 
0*9275.0-yd6 

o-u:iU) 
o*y‘iS4 


0 -y 84 H 

o-y.’ii-o-uiT 


Calmitta 
Poti’ogi'iid 
Baltic 
Provinci s 
U.S.A. 


O-'.ijyO-O-y.lJ.') Uussia 
0 '.) 290 - 0 -y 880 ;ta Plata 


OdJHOj 
o*U8:j 
0-980 : 

0-i»2i 
0-8B1 

0'.M47 i 

0‘985.0‘03C> ! 
0‘98‘25 ! 

()*1»299 1 

0‘94U 1 

0-9300*0a8,80: 


; India 


0-9815. 

0-9820 

0-9868 

0-9825 

0-.Wf)0 

0-9330 

0-9872 

0-9297- 

(>9329. 


,.0-9346: — 

I Italy 
I Bombay 
Morocco 
Marmora 
I La Plata 
' Runsta 
0-987 — 

0-9846 U.S.A. 


No. of ! 
Sartiph*. I 




j Kdiblf oil 

I Kor oil boiling 
KiigliKh (Tusliod 


1 
I 
1 
1 
1 
1 

2*2 
4 


(lertnau crusled 


Add or subtract 0-004 for every 10® P. above or below 80® P. 
Water at 16-6® a « 1. 

Density of fatty aoids of linseed mi— 
at 16-5® 0. « 0-9238 (Allen), 
at Mr C. (water at 15® C. « 1) » 0*8612 (Allen), 
at 100® 0. ifwatar ftfe tnm® n n - A.€w,or 






POTSICAL l^fERTrtiS OP tiNBKEB OIIV 

Bxp/o»a«ion.-The following explains the principle of ‘his table 
whioWnsone may construct for himself on tho same lines To the 
left are the densities. On the top and horizontally are the tempera- 
tures lying between 10’ and 30’ 0. (50" to 80' h.); the ohluiuo lines 
bearing^the names of certain oils are expansion lines ; the tmusversal 


n u /t a t* IS /€ It a if 90 tut 23 i* as 26 in»S9 30 




gaiii iaig r 

■■p.SggBgj 

laiiiiBislssssissi 


^ %J2Ssii^3}S^ 3bil M Itl MJMJM.4 

Itoh th^horiamtal Um correspoLing to the gravity cut. tho diagonal 
line. 

«« MN is the line corresponding to the weight of the flask full ( 
ae Mr* , mven above the densit 
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line, it is convenient to write 133'40 instead of 133’46, and alongside 
A the point C is marked corresponding to the traction O'^d, as the 
point through which the line MN must pass. Thus there is inscribed 
to the left of 133’4, 133'5,133'6, etc., to the last vertical line, and to 
the left, 133’3, 133'2, all to the first vertical line. Two other points 
of passage are determined corresponding to two densities, one of 
which is lower than 0'9205, as 0-910, and the other higher, as 0-930; 
for example, by calculating what are the weights of the flask full 
> of oil corresponding to these densities, the density 0-910 being the 
quotient and the weight of water at 4-1° C. - 70-65 the divisor; these 
two numbers are multiplied the ope by the other, and we get the 
dividend 64-29, the net weight of the oil to which, when the tare of 
the flask, 68-43, is added, we get the weight of the flask full of oil 
. ~ 132-72, Starting from this weight inscribed at the bottom of the 
table and ascending to the density 0-910, the point is marked. 
Operating in the same way for the density 0 930 the point E fe 
marked. The line MN is then drawn through the poihts C, D, E. 
This graph being so constructed, suppose the gross weight of the 
flask full of the oil to be tested is 133-20 at a temperature of 24° C. 
without any other calculation, we have only to find this weight in¬ 
scribed at the bottom of the table, ascend the corresponding vertical 
line until it meets the line MN, then follow the horizontal line until 
it meets the vertical line corresponding to the temperature of 24°, 
that is on the line for cotton-seed oil and sesame oil, the density 
which is 0-917, is read off to the left. If it be desired to bring this 
density to 16° 0., the expansion line marked Sesame is followed to 
the vertical lino corresponding to 15° C., the density is read off to 
the left as 0-923. That density is expressed with reference to water 
at -P 4-1°. It suffices to multiply by the factor 1,000,841 to express 
the density with reference to water at 15° C. 

Determination of the Specific Gravity by Sprengel’s Tube .—When 
the specific gravity has to be determined in a very precise manner, 
specific gravity bottle and picnometers are used, particularly Spren- 
gel's tube. Sprengel's tube is a U tube, the two vertical branches of 
which are united underneath by a narrow curved tube, and termin-;' 
ated in the upper part by two narrow tubes bent to a right angle,' 
_ the ends of which are closed by two glass stoppers. Their diameter - 
is unequal; that carrying the mark is about twice as vride as the,, 
other one which is about 0-25 mm. in diameter. It is suspended ' 
; from the beam of a sensitive balance by a wire, preferably pMnum,;; 
! so as to determine its weight before and after filling. The tube is' 
.-filled by immersing the tube carrying the mark in the oil and aspir- 
imiv .—^ Th.iHiHiii, fchd volume ol tho.' 
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aetiarated from the bulb and left until in equilibrium with the exterior 
ZJeZrT which is determined by the liquid neither oxpandmg 
SSSin the widest tube. The oil is brought to the mark 
either by removing with filter paper the liquid m excess or 
ina the Lpillary tube with a glass rod impregnated with the oil to 
id" The lube is closed with the glass stoppers ami wei^^^^ 
By bringing to a vacuum the weight found, the resu give e i 
^e snedfle gravity to the fourth decimal place. Generally th 
weighLf the volume of oil is compared with 

of water at the same temperature, and in continent , . j 

is 15' 0. (69° F.). British speeijio gravity^hottles "■J'® b 

60^ F, Such gravities arc expressed as K. 

When it is necessary to determine the specific gravity of solic 



fatty bodies, e.g. the ^J^^ai^ithe^Spren^ tube ; 

first melted so as to enable them to dmwn mw ^ 

the latter is then immersed in a contai ^g^^ 

horizontal branches he ® It is necessary to obtain a 

with a watch glass and 10 minutes in this atmos- 

fixed temperature 1^ lea^ ^ Jtroil to the mark under the 

“ “I’a w.« .. a- 0. i. a. »«■»»“ 

” and I0(f C. in the case of fats. 

It mt its weight full of oil. 
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oonotetes into a solid fat “ pbys'oa' “ 

the figures of Aly to be feared that many o the 

, chemical " constant . « y of hnseed oil. 

determinations have n ^ elaborate preparations and-pi e- 

It serves no good purpose samples tested if they 

cautions to secure accyate Aio„ <ff fatty acid. Be- 

bo, impure or even contain a nota . p 1 standard for 

te taking the -lidfyiug-pom mshould be pure 



Iwoe oI the Utter got rid ^ ^g^^oT^ep^t to hove much tU , 

.Linseed, walnut, and F\ whereas, cotton-seed t 

same fteezing-point, T _ gj q mg” _ 3-e =* 28-4' F.), 
loil has a freezing-point, tj^^en for granted that the 

■ Lrly that of water. But it ^ „i,s be calculat6| 

Ifreezing-points of mixtures o This would M 

fsMiAVTn 0 >t)Oints 0 i tneir i g .,v,u.*rtf frWfe nwij'.xtiui^. 
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stearic acid from tallow melt at a temperature below that of either 
of these*varieties of stearic acid. Af'ain .lean was baffled in his 
atternpt to determine the m.p. of oils like linseed by inixinj' them 
with a percentage of palmitic acid of known m.p., but possibly ho 
might have succeeded better had he used ceresiu of high m.p. 
The .solidifying- or treezing-poyit of linseed oil is determined by 
freezing mixtures surrounding the tul)e containing the oil. The 
thermometer is inserted into the tube by means of a cork a; the 
thermometer is fitted with an agitator //. 

The m.p. of the fatty acids from linseed oil, viz. 11“ (!., differ¬ 
entiates it from several other cals, especially cotton-seed oil, whose 
fatty acids solidify at + to 30" C. But hero again the utility of 
such data is negatived by the fact that, judging from analogy, the 
fatty acids from a mixture of the two oils in ei)ual proportions would 
not be at all likely to yield a product with a freezing-point which 
would be the arithmetical mean of those of its constituents. Much 
information may be intuitively gained in regard to the solidilieation 
and m.p. of oils by observing the behaviovir of the stock bottles and 
samples, filed away for reference, when a frost begins to set in, and 
again when the corresponding thaw ensues. Cotton-seed, olive, lard, 
and colza oils are all solid long before linseed oil, and the latter 
“ thaws ” much sooner than any of the others. The solidilioation- 
point is more useful in identifying individual oils than in dideoting 
sophistication. However, it may be laid down as a general rule that' 
the freezing-point of drying oils is much lower than non-drying oils, 
and although fish oils in many of their properties resemble drying 
oils yet in this respect they show a marked difference, the freezing- 
ftoints of most fish oils being about 0" C., whereas linseed oil is 
- 27“ C. 


The data as to the solidification and melting-points of linseed oil 
are very conflicting. The difference in the source and the age cause 
a difference in composition, and the more linseed oil consists of a mix¬ 
ture of various bodies and the method of freezing, abrupt or gradual, 
and the oil stirred or not, the more will the results differ. 

The Freezing Procesi of Eliminaling Mucilage from Linseed Oil .— 
Dr. Karl Niegemann patented a process of purifying linseed oil for the , 
manufacture of varnishes, which is essentially different from the j 
customary methods employed. Haw linseed oil, when used for ! 
varnish-mating, gives a product which becomes cloudy and opaque ^ 
owing to the presence of albumen. According to the now process ' 
no heat is used to cause the albuminous matter to separate, the raw 
oil being, on the contrary, cooled to its freezing-point. For example,'^ 
a sample of linseed oil whose solidfying-point is - 20° C. or 4" P. is * 


that temperature and the mucilage separates in flocks justslj 
« ^ -Ki V 'nha oil ia then.,*? 



Oil. 
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Variovw. 


Sperm 


Speri! 

Olive 
Wlmlo 
Co<Miver 
Neatsfoot 
Trotter 
Lard 
ArachiB 
Ootton-seod 
Kapo 
Sesame 
Oleioaoid 
Oolra 
Hazel-nut 
Sunflower 
Qrape-Beed 
Block mustard 
Booch-nut 
Oastor 

Poppy-aeed 
CameUna. 
Apricot . 
\lmoiid . 
Hemp-seefl 
Linseed . 
Walnut . 

Pine. • : 

White mustard 


Degrees C. j Degrees C. Degrees G. 


+ 2*5 

0 

0 

0 

0 

: - 1 - 

- H‘75 

- 6 

, - 6 to7 
; - 6 
; - 10 
' - 10 


_ 2-5 


: Degrees C. j Degrees C. 

+ 2-75 1 +2 + 6 

• 0 + 1+2 


. 6 
. 10 


_ 8'rt 


. lft-5 


- 1 to 2 

- 17 
_ Ifl 

- 18 

- IH 

- 20 

- 25 

- 15 . 

_ ^ to 20 


i -17 

I -IB 
I" 

I - 2-5? 
i - 15 

- 27-5 


. 17-5 
■ 17-5 
. 17'5 
. 18-5 
. 18-B 

- 2-a? 

- 27-5 

- 27-6 


1 1 

1-0 


1-5 

1-5 

- 3 j 

- 7 


- 8 

_ :-i*75 j 

- :i*25 - 

1 - 0*25 1 

- C-75 

t 1 

1 i 

- 20 


- 16 

i — 1 

0 

1 - 17-5 

— 

- 18 ! 

— 

- 18 1 

— 

; - 18 1 

— 

. _ 

- 21 - 

_ 

- 10 - 

1 - 

- 26*7 

« 27-6 

— 

! - 28 

1 

1 

i - 30 

_ 

; - 17*5 


80LIDmC..TI0N.P0INT OF 


Llusetnl Oil. 


Fatty Acids. 


Soltdiflcotion-point. 


_ 

_ 

-- 

— 

— 

Degrees C. 

01‘server. 

Degrees C. 

Observer. 

Degrees C. 

Observer. 

- 10 after 1 

etand^g V 

levetal aaysj 

, - 27 

MelU at \ 

, - 16 to 20 / 

■; Deposits S 
steariue t 

Gusserow, 

Ohgteau. 

Glaesner. 

I^wkowitsch. 

13*3 

17*5 

16 to 17 1 
19 „ 20-61 
19 „ 19-4 [ 
i • 20-2 to 20-6 

Von Huble. - 
Allen. 

De Negri * 
Fabtis 

Holde. 

Lewkowitsob. 

17 

24 

Below 1* 
20 to 211 

Von Huble. 

Allen, f 
1 Dieterich. \ 

1 De Negri & i 

1 Fabris. | 

1 ] 

1 


Melting-point. 








removing the albuminoua matter without increasing the percentage 
of free ^tty acids. Niegemann very evidently omitted to reckon 
with the presence of solid glycerides naturally dissolved in linseed 
oil, viz. palmitin and myristin. The question then is whether he did 
not precipitate both these fats from the linseed oil along with the 
mucilage and how much, if anj, such cold eliminated solid fats was 
retained on the filter along with the precipitated mucilage. Later on 
Lewkowitsch and others patented freezing processes for eliminating 
these solid glycerides from linseed oil, hut the method did not pay, 
and the process was abandotied accordingly. 

Effect of Cold on Linseed Oil ,—It has been stated that an oil sub¬ 
jected to the action of cold remains permanently cloudy and breaks 
on heating to 270° C. (518° F.), even though the original oil did not 
behave in this way. The following tests were made by Andes with 
oil received from the oil-mill clear and transparent, giving no sedi¬ 
ment on long standing, and on heating to 270“ C. showing the char¬ 
acteristic change of colour, but not breaking or showing any dark 
coloured separation. Three samples of the above linseed oil were 
placed in large test tubes, filled to the top, and a thermometer fixed 
through a cork into each. The tubes were placed in a mixture of 
crushed ice and common salt, .\fter 15 minutes the therniomctors 
registered - 6°_C. and the oil began to be cloudy. The temperature 
sank for two hours when it had reached - 16° C. The oil was now 


very thick, but not solid. .411 three samples behaved alike. A fourth 
sample of oil, in a similar cylinder, was placed in a freezing mixture 
of snow and calcium chloride. This sample was cooled down to 
- 31° C., and on standing at that temperature became quite solid, 
without the separation of any crystalline body. All four samples 
were now taken from the freezing mixture and brought into a 
warm room, where they were allowed to stand untouched for three 
days. All became quite clear as before, showing no solid or . 
suspended matter, nor could they be distinguished in any way from 
the original sample. On heating to 270° C. they showed the normal 
coloration, without breaking. Pure linseed oil, therefore, will stand 
great cold without losing any of its normal properties, or suffering - 
injury, notwithstanding statements to the contrary. 

Thi Physical “ Constants" of Linseed Oil and its Fatty Acids .— • 
^ For any technical purposes hitherto known for which linseed oil is , 
available fatty acids are much inferior if not quite unsuitable. Their ■ 
melting point is far too low for candle-making on the one hand , 
' (even if the smell of the produots of combustion did not dcliar it), A 


’%nd far too high for paint purposes; moreover, linoleio acid is a‘i 


; hydrated product whereas linseed oil only contains the anhydride ot 
tinolek acid in combination with the glycerine. If we glance at th? 

’ ■ “constants** 
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substance from the free tatty acid derived from it. The original oil 
remains fluid at - 10 to - ZO" C., that is to say 14“ F. (18^ F. belov? 
freeaing-point). The freezing-point of the Fahrenheit scale is 32° F., 
and its zero is 32“ F. below freezing: hence 20° C. ■= 36° F., and de¬ 
ducting 32“ F. from 3fi“ F. we got - 4° F. Now a substance like 
linseed oil which is still fluid at - 4° F. is quite a different substance 
altogether from one which is still solid at about 60° F. If the painter 
. is working at 60“ F. he very evidiuitly cannot use linseed oil fatty 
acids as a vehicle for his paint, nor as a constituent of his varnish. 

What has been said in regard to the melting-point of tats is equally 
true in regard to the solidification qr freezing of oils, drying oils in¬ 
cluded. The first point to strike the observer is that most fatty 
solids begin to melt at a given temperature, and are not completely 
liquefied until a much higher temjierature is reached. That would 
appear to bo quite contrary to the laws of fusion according to which 
(1) every substance begins to melt at a determinate temperature which 
is invariable for each substance if the pressure is constant; (2) what¬ 
ever may bo the intensity of the source of heat from the moment it 
begins to melt the temperature ceases to rise and remains constant 
until the substance is completely melted. How then does it come 
about that drying oils escape the jurisdiction of such laws? It is 
due to several causes. Speaking chemically, drying oils are not pure, 
well-defined bodies but mixtures of several different pure well-defined 
bodies called glycerides, each of which has its own well-defined melting 
and solidification-points, and tends to melt at that point indepen¬ 
dent of all the other substances with which it is associated. But if 
that were the only stumbling-block matters would be much more 
simple than they are, and as the temperature was gradually raised we 
would see linolein, palmitin, myristin, stearine, etc., successively liquefy 
each with a fixed temperature as its own melting-point. However, 
matters do not arrange themselves so easily. This melting-point is 
-not even now well determined for each of these glycerides and is 
liable to vary appreciably under oiroumstanoes as yet ill defined. But 
quite other causes intervene to modify greatly the phenomena, either 
to hasten or retard the melting-point. Much depends on the naturtd 
mixture of fatty bodies constituting any given oil. The less fusible 
substances tend to retain the more fusible by a sort of imbibition and 
the more fusible tend to dissolve the less fusible. The duel between 
, these two tendencies leads within certain limits of temperature to the. 
,formation of a soft pasty state intermediate between the solid state 
fand the liquid state, which may here be regarded as a state of imbibi-, 
I: tioD of a solid mass by its saturated solution. 

I' IBni. (mime additional remarks are called for. The laws of solidi-j 



''.•■■■ ' ' - ' "’ft f, 

•complete, the terapemture of the liquid remains constant. Now 
these lav^ are not so absolute as may ho imagined and aro subject to 
numerous exceptions. First of all the last part of the first law cannot 
be allowed to pass in the strict interpretation of its text. In fact if ice 
melts at 0“’ the water produced by this moltinf; cannot resume the 
solid by the simple fact that the Jennwjrature remains at 0°, nor af{ain 
it a piece of ice and liquid water he brought together and kept at 0" 
we do not simultaneously see the. ice melt and the water freeze. It 
is therefore rational to supposes that if water melts at 0’ water cannot 
freeze but at a lower lemperatui'e than 0". However small may lie 
the difference there is perforce pne, and in a general manner the 
solidification-point is always lower than the melting-point; however 
near they may be in many cases they are always dillercnt. But in 
the case of natural oils and fats, or even well-defined fatty bodies, 
^ure triglycerides, this difference is peculiarly in evidiuice, for, in their 
case, there is always a'very appreciable difference between the melting- 
point and the solidification-jioint of tl«‘ same substance. Another 
well-known exception is that caused by snjierfuaion, very frequent 
with fatty bodies ; that is to say, where a substance cools down to an 
appreciable extent below its freezing-point without solidifying, a 
moment arrives when, under the influence of sudden vibrations or of 
some other known or unknown cause, the liquid solidifies all at once 
and its temperatuke rises to the freezing-point. There are, moreover, 
other remarkable exceptions to the laws of solidification and molting 
peculiarly applicable to oils and fats ; they consist in variations induced 
by different conditions hitherto badly explained. One of the most re¬ 
markable depends on the temperature to which a substance has pre¬ 
viously been brought before its solidification. For example, stearine, 
a well-defined body, melts according to different authors at 61 to 63* 
C., also up to 64'2 and even to 71° C. Now according to Duffy a 
stearine melted at 63° C., and heat continued to 65" C., solidified at 
61° C., when reheated melted at 66'5° C., and when again solidified was 
found to resume its original melting-point of 63° C. Berthelot not 
only observed similar phenomena in the case of natural oils'and fats ’ 
but also in the case of synthetic glycerides. These variations in the 
melting and solidifying-point, sometimes influenced by the shape of • 
the vessel in which the experiment is made, are always accompanied 
by considerable variations in density. There might therefore be some 
reason in accounting for these variations by molecular phenomena of 
polymerisation. 

In any case, besides the unknown causes which intervene to vary 
these characteristics, there is one which must always be taken into: 
account in connection with the fusion and solidifying-point of oils,; 
and that is their low conductivity for heat, and, consequently, the • 

' —Bflfwii-.Trtw nf caloric.: 
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action of these different causes may 

;heso^Sn^ oil and its melting-points after bemg 

£ idiM in ^rresults of different experimenters accordmg ‘o he 

anf^ must onlv be accepted with great reserve. 

^It wi 1 be readily understood that this phenomenon may vary m- 
defimtdj acLXg lo the nature and proportion of the more 
well-defined fatty bodies (triglycerides) entering into the p 
If the oil. But that is not all. Different ^o^Btances may found 
mixed together in a solid mass without being ^o'FOO^J'y . , 

there may be imbibition or incorporation different 

the liquid state there may be emulsion and not ^ditils with 

substances may be found mixed together un e ' , slightly 

true fatty substances in natural Oils and fats an m«.v occur 

” cr;r.. itin 

which alters the melting-point of a bo^', lowem it ° f;“f' by tht 
Determination of the 

Cyroecopk Jlfetfiod.-This method, discovered 

determining how far the ° * weight of th« 

lowered by the solution m that liquid of a known tveign. 

SubsUnoe, the molecular weight of which has b® ^ 

ns examine this principle a little more fully. 

known substance, as the product whose'"°'®®“‘“ . gX^nt 

Lived, viz. sugar, and a well-known liquid vns-^nte^as the so^en 

■ “ ir.;r DtLTX.. 
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But water is not a good solvent for numerous organic Bubstan(»8. 
many of which are, practically speaking, insoluble therein. In that 
case other solvents which are found to lend themselves to this 
purpose have to be used, bearing in mind that each organic com¬ 
pound has its own peculiar solvent, but some of these are unsuitable. 

The following is a list of the chief solvents used m cyroscopy 


SolvoiltD. 


Water . 

{ Aoctic acid . 

Ktbylonic bromide 
! Benzene 
I Nitrobenzene 
Plienol . 


KretiZinp:-I>oi«it 

K. 

0 


14-8 

39 

?)*r) 

119 

5*8 

49 

5-H 

(iO 

3'JO 

7fi 


It must however, be borne in mind that hydroxylated substances 
in benzene’ solutions produce depressions which are too feeb e by 
half In such cases ethylenic bromide, nitrobenzene bromoform 
etc. are substituted for benzene. Moreover, solvents which act 
chemically on the Substance dissolved are avoided ; thus acetic acid 
would not be chosen as a solvent for a phenol or an alcohol. In 
sufficiently dilute'solutions of an appropriate solvent, other organic 
compounds than sugar behave similarly, and the lowering or de¬ 
pression of the freezing-point is (approximately) proportional to the 
number of molecules of the substance dissolved in a given weight of 
the solvent used and independent of the “ 

therefore we dissolve molecular proportions of different substances in 
a sufficient quantity of the solvent the depression of the freezing- 
point is the Lme in all the solutions. It evidently differs, however 
with different solvents. That is to say, if tte molecular weight in 
grammes of any substance be dissolved in 100 grammes of a given 
Spropriatesolvent, the depression of the freezing-point ,s a constant 
quLtfty K, termed the molecular depression of that process 
^oult’l Apparatus, most frequently used consists of a cast-iron 
S resting on a tripod, on the sides of which two vertical-brass 
rods are riveted at the extremities of the 

one of these rods there moves a universal supporting ring ^Ich 
aerves to keep in the centre of the dish a brass cylinder cW at 
■Us lower end^ In this cylinder is a glass test tube, the outside 
mrneter of which is slightly less than that of the cylinder; thm test 
IWbe is intended to contain the liquid. ^Ivent, or solutmn M whjch 
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tube into the orifice of which passes the stem of a pfatinum ring 
stirrer. (3) A wider glass tube, to allow the introduotion»if need be 
of a certain quantity of the solidified solvent. The platinum stirrer 
is furnish(!d with a wire rolling on a pulley supported by the second 
brass rod. The different layers of the cooled liquid may thus be easily 
and constantly mixed. The test g^rss, previously dried and cleaned, 
is filled to two-thirds with the pure solvent. The cork is riiplaced 
and the thermometer introduced so that it does not touch the bottom 
and the bulb does not rise, out of the liquid and remains within the 
axis of the ring of the stirrer; that done the test is placed in the 
cylinder and the dish is filled withasrushed ice or ice and salt, taking 
great care that neither ice nor salt find their way into the brass 
cylinder. As soon ns the operation begins the layers of liquid are 
continuously mixed by aid of the platinum stirrer, which should 
never come out of the liquid; a single to-nnd-fro motion can be 
given in a second. The column of the thermometer should never te 
lost sight of, especially when the temperature approaches solidification. 
At the moment when the solvent begins to crystallise the mercury 
remains stationary, then rises suddenly and again stops, to redescend 
afterwards when solidification is complete. This maximum tempera¬ 
ture is noted and the experiment repeated a second time, by first lift* 
ing the teat tube out of the cylinder to allow the solvent to regain the 
liquid condition. The two readings ought to agree to about of 
a degree. The solidification-point of the solvent having been deter¬ 
mined, a solution is prepared of the substance to be examined in the 
same solvent; that is to say, in a portion of the liquid from the 
same bottle and withdrawn therefrom at the same time as the 
portion with which the previous determination has been made. 
The concentration of the solution should run between 3 and 5 parts 
per IOC, so that the lowering of the freezing-point may be about 0’6 
to 1'6. Its volume should be equal to that occupied by the pure 
solvent in the first experiment. It would thus be necessary to 
calculate previously the weight of substance and solvent to use in 
each particular case. The solvent is weighed in a flat-bottomed 
flask into which the weighed substance in a closed tube is likewise 
introduced. The flask is closed and the solution is effected without 
heating by gentle agitation. When the liquid is quite homogeneous 
it is ihtroduced in whole or into the teat tube which hjis previously 
been cleaned and dried, likewise the stirrer and thermometer. 

Calculation: let P weight of solvent, p that of the substance 
dissolved, c the lowering of the solidifying-point expressed in 
degrees; then the molecular weight M of the dissolved substance is 
riven by the equation 
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Certain solvents possess two constants K. The greatest of the 
two is getnerally used. 

Examph.—hfit us choose for our first example a substance soluble 
in water: 4-9818 grammes of cane sugar C,JIa20,i. dissolved in 90-94 
grammes of water, depressed the freezing-point by 0-925 C. hinw 
96-94 grammes of solvent contaip 4-9818 grammes of substance 1. 
the quantity in 100 grammes => 5-139 grammes. The constant K 
for water is 19, hence the molecular weight of cane sugar is found to 

= 331, the true value lieing 342. 

oe 0295 •. 

Beckmann made some very luiinqiortant alterations in Raoult s 



apparatus, but sufficient to enable the Germans and their too 
numerous followers in this country to claim that the depression of 
temperature is usualfy made with the aid of the apparatus dgvised 
iby :^okmani?. But Beckmann never devised his own aparatu^he 
altered Raoulfs. His instrument consists (1) of » ^ 

‘about 1 inch in diameter and furnished with a side tube B, and closed 
^With a cork C through which pass a stirrer n and a ‘hermometer 5. 
graduated to of a degree. An exactly weigh^ 

^smmes, of the solvent is placed in the tube, which is then filled in o . 
SP .1A_1L - T» «.« nn fiSif iocket sud prevents A too rapm 
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liquid, the temperature of which ie about 5“ lower than the freezing- 
point of the solvent. The solvent in A being now constai^ly stirred 
the thermometer rapidly falls and sinks below the freezing-point of 
the solvent; the thermometer rises again, but then remains stationary 
at a certain temperature which is the freezing-point of the solvent. 
A weighed quantity of the substar^e is now introduced through the 
side tube B, and after first letting the solvent melt completely the 
freezing-j>oint of the solution is determined as previously. The 
difference between the first and the second freezing is the depression. 

The SpecAJic Viscosity of Linseed Oil .—The specific viscosity is 
usually determined in this country by Redwood’s Viscometer, on the 



Pio. 60. 



Continent and in the U.8.A. by Bugler’s. The former is described 
in vol. iii. of this treatise, pp. 433-5. In Bngler’s viscometer the 
operation is performed at 30° C. and the viscosity is compared with 
that of water at’ the same temperature. For lins^ oil’Crossley and 
Le Soeur found at 70° P. (31-1° C.) the viscosity of 8-83, but P. Bed¬ 
ford only found 6-75, and Ubbelhodp at 30, 60, and 100° C. the,; 
viscosities 6’36, 3'3, and 1’6 respectively. f. 

The consistency or body of thickened linseed oil varies with the^ 
*nse to which it is to be applied. An empirical test between the foi»-i 
thumb pves very often all the necessary information.^ 
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-situated, such as the manufacturers of oiled silk. An instrument de¬ 
signed to jneasure the body of the oil has been termed a consistence 
measurer, and for an accurate determination of the body of the oil 



Fia. 52.—Apparatus capable of 
being heated for testing drying, 
yiscosity, gumming, etc., of oils, 
with graduated scale to left and 
thermometer to ri^ht. 



Fio. 53.—Valenta’s apparatus for 
testing the viscosity of oils and 
printing ink vehicles. 


is the best instrument to use. An expert oil boiler for printing ink 
vehicles, however, hardly needs such an instrument. It measures the 
period of time taken by an air bubble to rise through a column of oil in 



Fro. 54.—Apparatus for datarmining fluidity of thickanad linseed oil. 

ft glass tube. A cylindrical glass vessel, which may be closed by a 
carefully ground stopper, is filled so far with the oil to be tested that' 
jatt exactly measured volume of air remains between the liquid and 
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the top. The glass vessel filled (see Fig. 54) consists of a tube a, 
closed at each end by means of a glass stopper, and masked at z. 
a is attached to the axis b, with which it turns in the framework by 
means of pins; by removing the slides cc, a and h may be taken out. 
The reversing movement is stopped by means of the flaps e attached 
to the axis and the projections jr, on the framework. The glafe 
vessel, after it has been filled with the liquid to the upper mark z and 
closed, may l)e rapidly and accurately placed upside down, when the 
air bubble will rise. The framework d is provided with a plumb-line 
k, and three levelling screws to, so that it may be accurately placed 
in a vortical position with a thermometer to ascertain the tempera¬ 
ture. 


Viscosity of Hoilcd Linseed Oil and of Printimj Ink Vehicles .— 
The ixometer consists essentially of a 

f i large vertical tube of 13 millimetres in dia¬ 

meter B. This tube ends in an overflow 
funnel F. Another vertical Cube D of 5 

_ millimetres diameter, also fitted with an 

\ overflow G, communicates with the first 

I V tube by a connecting pipe H of 8 milli¬ 

metres interior diameter. In the centre 
of the tube D there penetrates a cylindrical 
steel rod E perfectly calibrated to the 
diameter of 4 millimetres. In fact this 
“ system forms in D an angular adjustment 

of O'o millimetre wide and 200 millimetres 
long. The whole can be introduced into 
H a water-bath capable of being heated 

. to a desired temperature,. The ap- 
Pio. M.—Barbey’s ixometor puratug being ready for work the oil is 

placed in the funnel B fixed above B and 
!' the excess of oil is allowed to flow away 

through F. It is well at the start to incline the system at an angle 
^ 46°, so as to run in a little oil to chase the air out of the annular. 
When the apparatus works satisfactorily and the oil is well at the 
temperature of the water-bath, a receiver which is under the funnel 
& is raised, and replaced by a graduated tube T, noting the time 
exactly at which the first drop of oil falls into this tube. The oil is 
sotiected for exactly 10 minutes. The tube is withdrawn and placed, 
in the water-bath for 6 ipinutes, and the number of divisions ob¬ 
tained read. This number indicates the degree of fluidity of the ml' 
at T° centigrade, that is to say, the number of o;o. of oil which flows' 
|lit during an hour. Barbey’s ixometer is so constructed that a 
i^ssure of 100 millimetres of liquid is kept at the fixed temperature 

iH.iP (T! IP.fli.Tw itv^Hafoi. .niill .iH irRTJTin AlAkihJF 
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STiOtDITY OR OUTFCXJW PER HOUR IN CUBIC CENmiETRES OP 
t VARIOUS Oll.S. 



Spfcibc Gravity. 

Kluidity. 

Alnatian mineral oil .... 

0-b27 

()7-‘2 

Amenoan ,, . . • . 

Ku>sian tiloo naplitlia .... 


rA 


15 

.. 

o-.tur* 

50 

........ 

o-.-sMt; 

rio 

„ (Ma/oiit) . 

U'iH‘2 

40—4d-2 

Vasflino. 

0'Kr.i 

2i(; 

Olcic jiftd *• . . , ... 


l:tK 

Col/.a, onidc, gonuiiit', fro*.)! .'^vplionud 
ofT. 


HXt 

Colza, c'udo. 


K| 

,, rctiiied for lumps 

(i-n/i 

lt)5 

Kiipe. 

o-;»ib 

KO-4 

^Ceylon coiiojitMil ..... 

O'i»20 

100 

Coi'hin (snow wiiiii i .... 


m) 

Valm . •. 

O'illH 

120 

Karth-uut. whiti- fdihic 

()-.M7 

in 

,, crudf .... 


101*4 

Glue. Hn<* tusicd pdihlo 

IPbJbi 

127 

green (luhnoation) 

O'iMbO 

125 

„ ........ 


105-(; 

Sesame; extra JafTa .... 


i2i; 

Cotton ....... 

O-itliJ.') 

12<> 

Ra\ison ...... 

0'‘i21 

110 

Innsecd, Calcutta ... 


170 

NeaUfoot. 

(tMl7 

122 

Horse-foot ...... 

O'UlHl 

185 

Trotter . . . ' . 

(HMfi 

no 

Linseed, Bombay. 

(HJ17 

08*4 

o*;pir> 

143*4 

„ Du Nord .... 

Cod oil (brown 1 . 


144 

0-y2H 

155 

Lard oil. 

(V!nr. 

120 

Fish. 

i)*:i27 

irx) 

Rosin. 

O'PT.'j 

MO 

Castor-oil lubrication .... 


72 

0*t»64 

13 * 2 — 15*0 


Directiom for Vue .—Pill pluggtnl container 4 with water to swage 
ring, and ascertain the timrs that 100 c.c. of water at 60" F. will take 
to pass through the, jet of the container into the flask, which is 
graduated to this volume. This time is taken as the unit in refgrence 
to whicTi the’consistency or viscosity of the material to be tested is 
determined and numerically expressed. Thus if 100 c.c. of water 
at 60° F. take 22 seconds to pass through the jet, and the material 
ander test be assumed to take 110 seconds, the latter will be said to 
have a relative viscosity of Vj" ■=■ 5. 

To take the viscosity of a given material:— 

Having seen that the container and jet are perfectly clean, insert 
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Fio. 66.—K.E.” viscometer {Hutchtnxm). 

1, Thermometer immersed in materiel under test; 2, thennometer showing 
temperature of air*bath; 8, plug for olroing and opening jet or onttet tube 
of container; 4, copper container with interior swage-ring marking capaoitjr 
of UO O.O., and removable phosphor-bronxe jet; 6, mica vrindows for oti^ 
aervations; 6, glass receiving flask graduate to 100 c.c.; 7, oopper pan^ 
i^biovabie, foroktohing possible overflow; 8, iron stand; 9, ^minoos bnmer 
lor heating air-bath; 10, regulating tap having engrav^ quadrant for fioi 
idjustment. 
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air-bath towards the point desired. While waiting until thennometer 
1 approaches the same point, heat material to bo tested in copper 
^rainer (Pig. 57), stirring frerjuently. Kemoving the cap, next )>our 
into the container the heated and stirred material up to the swage 
ring indicating 110 c.c. Replace cap, and as soon as thermoiuetor 
1 in the container is steady at the temperature hxed upon, withdraw 
the plug and note, by means of a stop watch, the number of seconds 
taken by the material to (ill the llask to the mark graduated for 
100 c.c. 

Assessinij Linseed Oil by the. Colour Test Developed by a Drop of 
Sulphuric Acid’on 10 Drops of Oil. 

The Sulphuric. Acid Spot Test jor Linseed Oil .—This is the most 
valuable qualitative test for the jmrity of linseed and other oils. Yet 
it is conspicuous by its absence from most technical works on oils 
or is disposed of by a few words in passing. The apparatus reipiired 
is'simple: (1) Three or four glass rods rounded or dubbed; (3) a 
stoppered bottle containing concentrated sulphuric acid ; (3) a white 
|)or<»lain slab with several circular hollow depressions as shown in 
the illustration, or a plain porcelain slab will do, or even a jilate of 
glass with a sheet of white paper underneath, but the. circular de¬ 
pression plate is much to be preferred as the oils have a tendency to 
run into one another and it is diHicult to avoid getting into a nasty 
mess when testing a series of ods. The circular depression for each 
oil avoids all this unpleasantness. Rubber bulb tubes are also used 
for spotting. 

Process.—T?ut a number on each sample bottle of oil to correspond 
with the number of the depression on the plate. Then spot 10 drops 
of each oil to be tested from its bottle on to its corresponding de¬ 
pression on the plate. Dip one of the glass rods, which must 
be scrupulously clean, into the sulphuric acid bottle and carefully 
Jarry away on it as much as will spot 1 drop of acid, being careful ! 
pot to drop the superfluous acid about the table. Two drops are 
generally necessary, one above the other. Place the rod in a beaker ' 
when done with. It must not be allowed to touch the oil. If if 
>e desired to stir the oil another rod must be used. The 2 drops ■ 
May often be* spotted at once from the acid secured on the rod 
)y one dip, but it is i>est to be content with 1 drop and to make 
k second dip into the bottle for the second drop. The rod snust 
>e aUowed to* drain sufficient for the purpose. The sulphuric acid 
n#y be spotted from a Mohr’s burette with a glass stop-cock with 
(Teater ease and cleanliness. Pure linseed oil under sulphuric acid 
pot test behaves thus: The spot quickly assumes a yellowish tint, 
Massing rapidly to orange, then to bright red, ^rkening gradually to 
UMwnish-block. J 

£■,,Oils , detected in linseed oil by sulphuric acid spot test;— 



; contain only 6 per cent. ui rown on me oenavionr of the sample 
will show a marked deviation from the pure sample. Ij; becomes 
brownish-red instantly and passes much more quickly to black than 
a pure sample, and the black coloration is always deeper than that 
of pure oil. Kven smaller quantities than 6 per cent, of rosin oil 
can be thus detected. If fluore.^cence, smell, taste, gravity, and 
sulphuric acid .spot tost all jxiint to rosin oil, it should now be deter¬ 
mined by Allen s separate alcoholic saponilication and ether extrac¬ 
tion method (see p. lOD), and very possibly it will be the only 
adulterant present. ^ 

2. Whale Od.—As soon as the .centre of a spot of pure whale oil 
IS touched by sulphuiic acid a rapid motion takes place fi’otn the 
centre to the circumference, chasing, so to speak, a grey coloration 
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in front of it. The central spot, at first red, passes to brown-red, 
and in a quarter of an hour's time, the whole spot becomes brownish- 
black. Ill testing linseed oil for whale or other oils in this way it 
18 bettor to test simultaneously a standard sample of genuine linseed 
01 , acstandard sample of genuine whale or other oil along with the 
oil to be tested, examining and comparing the colour effects. It 
must bo borne in mind that there are many varieties of whale, each 
yielding its own peculiar oil, with its own behaviour to sulphuric 
tcid. 


3. Cod Oi/.—The moment the drop of acid touches the oil red- 
nolet atri® appear in the centre, which turn to dirty red and finally 
so black. Another description says the etfect of the acid is to give 
tn oi-ange spot with a dark nucleus giving birth to a puiplish floating'' 
onist which quickly browns. Stirring gives a bluish-purple, turnii^j 
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to rea ana to Drown. Violet to purple colorations are obaraoteristio 
•of fish-liver oils. 

4. Skate-Liver Oil (density 0-928 at 15" C.). -Sulpliuric acid 
spotted in centre caii.s( a beautiful violet alriii* to swim about, which 
suddenly pass to bright Inown. The centre of the spot is red, 
covered with brown striie. .V dirty (rrey aureole surrounds the cir- 
cutnfeienee of the spot, ((jaseous chlorine does not darken the colour 
of this oil even after half an hour’s contact.) 

5. Uape. 0/7.—Before still in'; gives a greenish-blue aureole. .Vfter 
stirring a bluish-green.- Klaidin test gives black mass. 

(1. llemp-seed Otl. riie reagisil givi's a yellow spot where the 
acid has been dropped, the remaindi'i- of the oil turns greeiiisb-bliie, 
then a beautiful emerald green, with sm ill brown striai on the edges.’ 

7. Itavmn Oil. —This oil is known by its sharp pepper-like taste. 
The reagent gives a bluish-green aureole, which soon passes to dirty 
grey, leaving^ on the edges dark hrown spots. The centre instantly 
becomes reddish-yellow, turning to bright hrown.—Hlaidin test gives 
black mass. 

8 . ,Ve.wn{e.—Only oil which gives characteristic height red. 

9. /’(ip//,//.—Yellow iinmohile spot with orange rings. Turns huff 
on stirring, finally brown-red with disengagement of gas. 

10. li'Ciliiiil Oil. —Yellow s])ot, which moves from one sidi* to the 
other, producing cjiiite an orange iiellicle on surface of oil ; stirring 

' prtxluces dark streaks and liberates gas bubbles. 

11. Micstard Oil. —According to Ijefevre, gives a dark yellow 
spot with fibrous streaks, inclining to orange, and a nucleus which 
rapidly darkens. On stirring it gives a red-brown colour. On tho 
other hand, according to Ileydenreich, black mustard oil behaves 
somewhat like rape, giving a greenish-blue both before and after 
stirring. 


Asse.Hsinif Linseed Oil li;/ the Telrahriimide «/ Tin Test fur Husin 
Oil. —^Tetrabromide of tin, SnBi-j (made by dropiiing dry broniino 
through a separating funnel into a well-cooled glass flask contain- 
ing granulated tin), gives a characteristic violet-reil coloration in 
presence of rosin oil. It is e(|ually delicate and characteristic a test 
for rosin oil in linseed oil as the sulphuric acid spot test. This test 
is due to Allen, and Is a modification of Kenard’s stannic chlorido 
SnCI^ test. , • 

These colorations do not as a rule interfere with the detection of 
rosin oil. 

The Liebermanii-Slorvh Acetic Anhydride and Sulphuric Acid 
Coloration Test for Rosin Oil. —Storch has adapted Lieberniarm’s 
colour test for rosin acids for the detection of rosin oil in linseed and 
other oils. From 1 to 2 o.c. of the oil to be tested are agitated with 
1.1 o.c. of acetic anhydride with the aid of a gentle heat. After 
^tottfing and cooling the acetic anhydride is drawn off by a pipette 
1 drop of concentrated sulphuric acid added. A fine but fugitive ' 
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violet coloration is imparted to tbo acetic anhydride if rosin oil. 
be present in the oil tested. This lest is especially appJicable for 
testing mixtures of rosin oil and mineral oil and rosin. 0. Harrison 
asserts that he obtains satisfactory results by the use of glacial acetic 
acid in place of acetic anhydride. Morawski obtained the under* 
noted colorations with the following oils:— 


oa 

Coloration. 

Oil. 

Coloration. 

Olivo . 

Light green. 

■ Palm . 

Brownish-yellow. 

Soitamo 

Greonish-blue, gradual. 

Bone fat 


Hemp. 

Qreou. 

aoids 

n t» 

Lirifieod 


Wliale 


Cotton 

Rod-brown. 

sieahne . 

ft tt 

AraohiB 

Olein . 

l< -f 

Uapo . 

Greonish-yellow. 

Crude olive 

Light brown to darh 

Castor 

Yellowish. 

acids 

greon. 

Cooo-nut . 


Herring 

Chorrv-rodto brownish- 

Palm-nut . 



black. 

Boot tallow . 

»» 

Sunflower . 

Blue-violet to blue. 


Amusing Quality of Linseed Od by its Flash or the Point at 
which it Gives Off an Inflammable Vapour. Gray’s Flash-point 
Apparatus {Closed Test). Description. —This apparatus (Fig. 59) 
consists of a brass oil-cup o, of the same dimensions as the oil 
container used in Government Standard Petroleum Testers (Aliel’s). 
On this cup, which is set on a suitable stand, is placed a tight- 
fitting cap or lid. Through the lid a steel shaft passes, carrying on 
the top a small bevelled wheel h, the bevel of which is milled, and 
on the lower part two sets of stirrers, one of which is below the 
surface of the oil, and the other in the vapour space above, A 
horizontal shaft carried on two standards terminates at one end in 
a bevelled wheel g, which gears with the wheel h, and at the other 
end in a disc c, the outer rim of which is made of bone or other 
suitable non-conductor of heat, and on this disc is fixed a handle b 
for rotating the shaft. This horizontal shaft carries a collar e, from 
which there projects two small pins at diametrically opposite points. 
By sliding the shaft slightly to the right tha bevelled wheels are 
drawn out of gear, and the pins projecting from the collar put in 
position for actuating the testing arrangement. On the lid proper 
there are three orifices, one immediately in front of the test-light d, 
and the other two at either side of it. Above the lid is the sliding 
cover s, in which there are two orifices coivesponding to those on 
the fixed lid. When the bevelled wheels are in gear the sliding cover 
is held in its normal position by the spring at p, and the orifices 
in the fixed lid are covered. When the sliding cover is moved by, 
bringing the pin s in contact with the pin p and turning the dfsc ^ 
about a quarter of a turn round, the orifices in it coincide with thos^ 
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on the feed lid, and at the same time the test-light is depressed and 
brought iato position for producing the flash when the requisite tem¬ 
perature has been reached. 

In places where gas is not available, a good substitute to use for 
the test-flame may be obtained by passing a current of air or hydrogen 
through cotton-wool or other convenient medium saturated with gaso¬ 
line or other light hydrocarbon spirit. 

Process ,—Fill the oil-cup a up to the mark inside with the oil to 



je tested, replace the cap, and insert the thermometer in the tube 
provided for it. Apply a light to the heating lamp, the heat from 
which may be applied either direct or through the medium of a con- 
renient sand-bath. Light the test-jet also, and adjust flame to about 
[• of an inch in length. During the heating of the oil the stirrers 
ihould be moved at short intervals by turning the handle b several ’ 
limes. The more rapidly the oil is heated the oftener the stirrers 
ihould be rotated. When nearing the point at which the oil is ex* i, 
MMsted to flash, it is advisable to reduce the rate of heating in order ■ 





the ob‘! 0 mtions may be more readily and accurately made. If 
'necessary, a rough test may be performed first, to give some'indioation 
of the temperature at which the oil is likely to flash. Observations 
may be taken every degree or half degree, a few turns of the stirrer 
being given between each test. The rate of heating is immaterial 
provided it is not too rapid to all*w of readings being taken. A 
' convenient time is 10 to 20 minutes. 


COMPARISON OP PLASH-POINT STANDARDS OP DIFFERENT 
IIOUNTBIES. 


Country. 

A{))Hiratus. 

PrinoijiW. 


op. 

America . . . j 

Tagiiabue and 
Suyliolt tester 
Granier's 

Cloee 
and open 

jss 

05 

t 

Belgium .... 

Close 

—- 

— 

Denmark 

Daiii.sh 

Open 

40 * 

104 

Germany.... 

Abol I^enttky’fi 
Abel’K 

Close 

21 

69*8 

Great Britain . 


22*78 

73 

France .... 

Granier’s 

,, 

35 

95 

Holland .... 

I’orrisciier’s 

„ 

40 

104 

Japan .... 

Burning test 


40 

114*8 

Austria .... 

Aliol Pfiusky’s 


21 

09*8 

Russia .... 

— 

— 

— 

— 

Roumanla 

— 

— 

_ 

— 

New York State 

Tagliaiiue’s 

CKwe 

37*77 

100 

Sweden .... 

i>anish 

Open 

40 

lai 

Zurich .... 

Abeljanz’s 

34 

93*2 

Italy .... 






Index of Befraction .—The index of refraction of oils, fats, turps, 
white spirit, etc., is deserving of more trade attention consequent on 
the ease and rapidity in making determinations, a few minutes 
sufficing for the whole operation. By the use of this instrument oils 
may be sorted out and mixtures detected. It is certain that anyone 
becoming habituated to the method will never consider an oil labora¬ 
tory equipped without one or other of the instruments herein shortly 
described. 

The Abb^ refraotometers, by virtue of their extiaordinary simple 
manipulation (the refractive index n/o being itetd off directly on a 
graduivted circle after a single movement requiring no particular skill) 
and their extensive range of measurements, embrace refractive 
indices from n/o 1'3 to «/„ =» 1‘7. The refractive index of linseed 
oil at a temperature of 15° C. may be found to be about 1'48140 and 
that of rosin oil about 1'535 to 1‘549. The refractometer is mainly 
composed of the double prisms A, B, which contain the fluid, and may 
•be rotated on a horizontal axis by means of an alidade, J. F is a tele¬ 
scope for observing the line of total reflection which is formed in^tha 
prism, S is the sector rigidly connected with the telescope on which 
are engraved divisions representing refractive indices. 
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taking refractive index of liquids, it is convenient to malce- 
toeasurements at a fixed temperature, e.g. 20'’ C. The •figure on 
rp. 168 exhibits means of causing a heated current of water to circu¬ 
late about the prisms. 

Jean s oleo-refractometer is also employed for oil determination. 
Descriptions of the instrument are to be found in publications, and for 
brevity’s sake are omitted. 

Fery s Refr<ictonieter.~—'i)\\a instrument has the advantage over 
Jean s oleo-refractometer in not requiring a certain liquid oil as tvne 
or standard. 

Theory of lerys liefractometer .—Its theory is simple. It rests 
on the following facts. In a liquid prism of small angle the devia¬ 
tion is proportional to (?t - 1), n being the index of the liquid con¬ 
tained in the prism. In tact, if the angle A (Fig. 63) is small, ir. iV 
are also small when the prism is in the vicinity of its minimuip 
deviation, which is realised in the apparatus. 



We then have: A - (t - r) (i' - r'). 

But given the smallness of the angles « = *. 

Hence t == nr and i' = nr'. 

Therefore 8 = r{n - 1) + r'(n - 1). 

And as (r -r r’) - A 8 - A{k - 1 ). 

If we annul the deviation of this prism by yie plano-convex lens- 
U the,glasB of which has an index N, we get for this latter 

- 8 = - a(N - 1), 

t being the angle at the point where the ray deviated by the prisax 
ust meets it. At this point, therefore, we have the relation 

A{» - 1) - o{N - 1). 


Hence 



But it is easy to show that in such a lens the angle a at the point ' 
iD questiofi is very perceptibly proportional to the distance S (Figs. 
64, 65) which separates it from the optic centre O. We in fact got 
8 =. K sin o 

or for small angles 8 = Ko. 

• s 

By replacing a in [1] by its value drawn from this latter equi¬ 
valence, we find 

(„ - 1, . i "j-.! . K'8 



t»y causing the constants NA and K of the apparatus to enter into 
the constant K'. The angle A chosen to constitute the prisiriatio cell 
of the apparatus is small enough for the ei ror due to the suhstitution 
of the arcs for the sinus in the preceding formula only to produce an 
error lower than the last decimal placid shown by the Vernier, 
f Description of the Instrument .—Tlie cell containing the liquitl to 
be examined consists of a hollow prism of a suitable angle, the faces 
of which are also prismatic, hut so arranged that the whole forms a 



'system of parallel faces a, b, c, d. The three prisms forming the 
.cell to contain the liquids under examination are cemented together 
ID such a way as to resist all solvents and are mounted in a metallic 
lining carrying two horizontal slits 3 millimetres in height. The lower 
Iplit lets light through the bottom of the cell and thus traverses the 
v^hoh of three solid prisms acting like a blade with three parallel 
;1&ioes, these three prisms being made from the same glass, which is 
|B,.speoial crown glass perfectly resistant to chemical reagents. The 




g»-«V;,f*»]WAOTOBB OF ^^SISMS#; 

^'pper glit reoeiveg me rayg which traverse the liquid, it is at the toi 
this slit whore the reservoir which holds the lient thermometer i 
harried by the ground glass lid of this cell is fixed. This first cell it 
placed in a second cell MNl'Q, all metal except the two larger sides 
;MN and I'Q formed by the plano-convex compensation lens, the 



00.—Fory's refraotoniKer. 


curved face of which is turned towards the exterior. The space 
included between the two cells must he (illed with water, which is 
easily done through a funmd e, visible on the profile view of the 
whole instrument. There must be water betwi'en the two cells when 
the instrument is being regulated or when an observation is being 



Fu;. 07.—Fory’a refraotometor: Vernier, etc. 


taken. U is the presence of water—which, however, plays no optical 
rfilo in the measurements, for it forms a double plate with parallel 
.faces—which ensuixis the constancy of the central cell and allows of it 
being raised to the desired degree by aid of a small lamp I which 
(heats a thermo-siphon. Water may be replaced by any other fluid 







il&i 


need be; e.g. tor determining indices below 0° C., without fearin^H? 
any change in the readings. The central cell which slightly overlap* 
the heating cell is closed by a ground glass lid carrying the bent 
thermometer t. The exterior cell is tilted with a metailic lid pierced 
by'a rectangular opening giving a passage to the cimtral cell. The 
of the two cells bornp by a slide may bo displaced per¬ 
pendicularly to the optical axis of the instrument determined by the 
reticula slit of the collimator C and the reticula in the form of a St. 
Andrew s cross of the lens L. These two reticulu) are mobile by 
means of studs b, b'. In its motion tbe exterior cell brings in its 
train a Vernier V and a magnifying glass I' in front of a lixed scale, 
by'which its displacement can be measured to of a millimetre. 

corresponding to of an index. 

^ DescripHo}!, oj the I cniicr .—The scale is divided from 1'33 to 
1'69, but not to overload tin; liguring, only the two first decimals are 
indicated, ^ach ol these large divisions whicli represent almost 
4 millimetres is divided into 4 parts. Mach of its subdivisions 
2.0 

represents or 0 0025. The Vernier is itself divided into 25- 

parts, the total lengtli of which represents 24 small divisions of the 
scab'. 

It is therefore read thus, according to the example sliown in h’ig. 

67; 39 large divisions jilus 1 small division, which gives 3'925. 
We furtlier read on the Vernier that it is the division 4 which co¬ 
incides. Tlie index is therefore 1 -3929. 

IleijnUitiiui the. Apparatus and Dcierminimj the Index. —The 
central cell being in position and the exterior cell filled with water 
up to the superior level of the liipiid to lie exanimed, to be certain of 
securing uniformity of temperaturo of the latter the two colls are 
closed by their respective lids and the height of the thermometer so 
that its reservoir is yisihlc llirough tlie upper slit in the cell. The 
bench-marks of the slit of the collitiialor (J are made to coincide by 
moans of the stud f/.and the index of the glass of the cell is caused to 
bo marked on tiio Vernier by means of the stud B, an index which 
serves as a starting-])oint and which is engraved on each instrument. 
The index of glass is not affected liy the temimrature or at least the 
variations oijy affect a decimal point very far removed from \\rhal it 
is desired to reach. The reticula in the form of a St. Andrew’s cross 
which is carried by the magnifying glass is adjusted liy drawing the 
eyepiece. Then the vertical reticula of the collimator is adjusted by 
working the pignon P of the magnifying glass, the apparatus being 
illuminated by monochromatic sodium light. Finally, by means of 
the regulating stud b of the eyepiece the vertical reticula is made to 
coincide with the centre of the cross. There should exist no parallax 
between the centre of the St. Andrew’s cross and the vertical reticula 
of the collimator when the eye is displaced near to the eyepiece. 



inrtructlbne of tfie' &ltrtSIM 

•hould be obeyed: Ones the instrument is regulated the stud B 
should only be used'to take measurements. In order to'do so the 
liquid to be examined is placed in the central cell if it be not there 
(ilready, for its presence in no way hinders the adjustment of the 
-instrument. When the temperature of this liquid indicated by the 
thermometer which dips into it it quite stationary, the stud B is 
turned until a new image appears in the field of the telescope. This 
image is formed by the rays which have traversed the horizontal 
upper slit of the central cell. It is brought to coincide with the 
reticula of the telescope as is done with the image of the glass of the 
central cell and nothing further remains to be done except to read 
the index on the scale of the instrument. Thus regulated, the in¬ 
strument works between 1’330 and 1-5320. This adjustment is 
sufficient for the majority of liquids, saline solutions, f^ty oils. If, 
however, it be seen that the. index is not comprised between those 
limits, it is very easy to measure it; for that purpose, the regulating 
point given by the glass index is displaced to a known extent; if, for 
example, in an instrument, the glass of which has an index of 1-5126, 
it be desired to take the refractive index of carbon disulphide which 

8 about 1-634, the bench-marks of the reticula carrying slit of the 
rollimator are made to coincide by means of b\ there is caused to be 
marked on the Vernier 1-3726 by means of the stud B, and the reticute 
ire then made to coincide by manipulating the stud b of the eyepiece. 
The magnitude of the scale of the instrument has been increased by 
)-14 and the instrument works up to 1-6726. It will suffice to bear 
n mind that all the readings must he increased by 0-14, the point 
)f departure having been displaced to that extent. If, therefore, 
1-5227 was found 014 would bo added, and we would get the index 
lought, 1-6627. 

■V.B.—The point of departure may be displaced between 1-3726 
■nd 1-5126 by the quantity required to find the desired index. 

Determination of indices at temperatures different from the 
.mbient temperature. The following precautions must be taken it it 

9 desired to work at a temperature above that of the laboratory. 
?he lamp I is lit, the flame adjusted very low, the brass tube making 
- draught, and to which is brased a copper tube of small diameter 
ormipg a thermo-siphon, heats itself rapidly, an active circulation of 
he liquid is produced. The movements of the thermometer are 
ratohed and the lamp is extinguished when the temperature is 0-6 
elow what it is desired to reach. The thermometer continues to 
ise very slowly, then remains stationary before redesoending. That 
I the moment chosen to make the determination. At that moment, 

1 fact, equilibrium of temperature is completely established between ... 
re different media traversed by the ray of light. Working other- '< 
ise. delay might occur between the indications of the thermometer 1 
ad those of the refractometer, in consequence of which one finds at |! 



|,»nB saniB cempentrare a nigner index during beating and a'tewWeiie'? 
if the cooling be too rapid. It may happen that the index of the^ 
liquid is very near that of the cell; in that case the two images of the 
vertical reticula are superimposed and their measurement is difficult. 
In one experiment M. Ch. Fery found a body commercial, eugenol, 
the index of which at the tempoiature of the experiment was exactly 
the same as the glass of the cell. *The two images absolutely coincide . 
and the-cell may be displaced through its entire length without find¬ 
ing a second image. In that case it suffices to counterbalance (bascule) 
a screen not shown in the figure in front of the lower slit correspond¬ 
ing to the glass, and the image of the liquid subsists alone. In fact, 
if a determination be made on a fluid which is a very had conductor 
of heat like carvacrol, which placed in the cell has a syrupy appear¬ 
ance, an image cannot be obtained. It must he left for several hours 
for equilibrium of temperature to supervene, or what is more simple, 
hdat is applied, and it is left to cool very slowly until it roaches the 
desired degree at which the index is to bo taken. Determinations 
may thus be made of the index of refraction at different decreasing 
temperatures. 

Index op Repraction. 

The following results are given for the purpose of comparing that 
of linseed oil with other oils:— 

INDEX OE KEERACTION OF RAW LINSEED OIL. 

Strohmorat 14“ C. ■= lASSG 
„ at 16° 0. = 1'4S34 
Thurnor at (X)° C. = 1 4660 
Tolman and Triunson at 15’5° C. = I-4S.31 

Harvey at 20° C. = 1-4800—l-4fll2 
Proctor and Holmes at 15-5° C. = 1-4817—1-4826 
U.S.A. at 28-5 = 1-4796—1-4798 


INDEX OP REFRACTION OP CERTAIN OILS. (FERY.) 


Index detern 

lined at 

ciorri'ction 0*00037 at 15® 0. 


Earth-nut, refined . 

1*47326 

Trotter .... 

i-iSm 

„ „ --erSde . 

1-47318 

Horse-foot .... 

1-47096 

Olive, Tunis . 

1-47216 

Caetor..... 

1-47990 

„ Kabylie . 

1-47018 

Aimond, sweet . 

1-47410 

„ edible . 

1*47180 

Cotton .... 

1-47440 

,, fine 

Walnut .... 

1-47070 

Black mustard 

1-47490 

1-47160 

'Lard (oil) .... 

1-47196 

Poppy .... 

1-47730 

Oleic acid (sap.) . 

Whale (St. Vincent) . 

1-46246 

Sesame, crude. 

1-47490 

1-47606 

„ refined 

1-47400 

ji ■ 

1-47926 

Xinaeed .... 

1-48140 

Cod-liver, Hogg . 

1-48 00 

Nestsloot 

1-47560 

„ blonde 

1-48885 








K*w I-mSEBD OIL IN BUmOBBFRACTOMETHIC DEGREE. 


Nahr- u. Ociiu., 1908, 6, 081 ' 

31,"Sa i 

Oljj ,'»dBru,t.Ze,tHr.|,r,f.'tJ„t;r„ ^ ! 
Nahr.- u. Gonu., 1‘K)‘J, 17, 5fn I 


No. o| 
J^amplw*. 

I : 

0 

35 

5 


1 


! Hefnction. 


iJ5" 

40* 

25“ 

15“ 

25“ 

15“ 

25“ 


ftO-2—81*5 
73*4—72*5 

82-0-86'5 

87'0-9i'6 

fil*0-H6-5 

S7*P-~91-8 

ftO-0 


The foliowinij an* indiPi.u ni' x- “ 

andof8ul.sta..coswhiehmaybeprelrtritl^ «• of linseed oi 
wise :— 9 p ■ l ilt 111 It as adulterants or othei 


Oil. 


Linsotid . 
Cotfcon-fieod 

ItoHin uil. 

Minora! . 
Fish 


llwfractivt* 

IimIi-jc. 


’ 1*4H4;,o 1-48S 
' 1’475 

l‘S85 „ 1*549 
„ 1*507 

MHO 


Oil. 


UoNiti (Colophony) 
Maixo 


Hffractire 

hi'le.v. 


; 1*454 to 1*474 
1 'ITO^ 

l*47s (at, :.^0“ C.) 


3LEOdtEPlUCTOmU’Jiit‘DE^^^ O'LS IN 

eruaat, WII a.II,AN’S l{KFIlAUTOUETER. 

Raw linsood oil-lalioratory standard ‘‘"'''■“““''ii- 

saniplo 

UeHuod raw Imseetl 
iiaw llnaeod i- 20 per c 
»» + 20 
oil 

♦. + 20 ptr Cl 

Foppy (aum/tf) oil . 

»* It old 

.. (prtwO Calcutta oil 

Uomp-8ood oil . 

Walnut oil . 

Ilavisou „ . 

Cnlaa „ . 

Koain * . 


old 



+ rjT 

= 1-IS075 


+ 40“ 

= t-(7;i75 

:l . 

L'Od 

+ 07" 

- 1-18125 

oil 

+ 47~ 

= 1-17925 

+ 17“ 

-= 1-47175 


+ 20" 

1-47^5, 


+ :I5“ 

= l-47«25 ' 


+ 27*5" 

= 1-47437 


+ H;r 

- 1-47575 


^ QCO l -i/OO 

+ % _ 

+ 28° ^ 1-47375 

-H 17* to 18 »= 1-47175 to 1-4720 

1-43325 


+ 78° 


■ With some samples the whole field of the refractometcr is black. 






Tuja mxsivju* w iiinsbbo ouj. ^ xox 

BBFRACTMOK OF PURE AND IMPURE LINSEED OIL IN BUTYRO- 
REPRAOTOMETER DEGREES. 

Kefractometor Numl>cr 

* at ao'' c. 


Pure linseed oil (raw). 

80-6 to 82*2 1-47875 


„ (boiled). 

80-5 , 

84-2 

Linseed oil + 20 per cent, rosin .... 

above 100*0 


+ 10 . 


94-5 = 1-4-1875 

II 

+ 5 .• . . . 


88-4 

II 

+ 20 „ ,, oil 

above 

100-0 

•1 

boiled + 20 per cent, rosin oil . 


100-0 

II 

I. + 10 „ „ . . 


92-7 

II 

II + ^ II It . • 


88*2 

11 

n + 15 „ cotton-seed oil 


7H-7 

II 

,» + 15 „ rape oil . 


7!)*1 

II 

' II 

+ 10 per cent, mineral oil 

boiled + about 80 per cent. o( man¬ 


89-6 


ganese rosinate .... 


84-9 


COMPARISON OF REFKACTIVK INDKX WITH OI,EO-UEFHACTO- 
• METER AND HUTYKO-REFIiACTOMETER AT 22^ 0. 


1 

lefractive 

Index. 

1 

« g 

Refractive 

Index. 

eoRefracto- 

meter 

Degree. 

U 

s 

l-ll 

il 

eo-Refracto- 

meter 

Degree. 

S 

l-l 

«| 


o 





O 


1-462:0 

- 20 

54-8 

1-47100 

+ 14 

68 0 

1-47950 

+ 48 

82-0 

1-46275 

- 19 

55-1 

1-47125 

+ 15 

68-3 

1-47975 

+ 49 

82-4 

1'46300 

- 18 

65-6 

1-47160 

+ 16 

68-7 

1-48000 

+ 60 

82-9 

1-46325 

- 17 

55-9 

1-47175 

H- 17 

69-1 

1-48025 

+ 51 

83-2 

1-46350 

- 16 

56-8 

1-47200 

+ 18 

69-5 

1-4H05<J 

+ 62 

83-8 

1-46875 

- 15 

.0()'6 

1 -47225 

+ 19 

69-9 

1-48075 

+ 63 

84-1 

1-46400 

- 14 

57-1 

1-47250 

+ 20 

70-.S 

1-48100 

+ 54 

84-6 

1-46425 

- 18 

•67-4 

1-47276 

+ 21 

70-7 

1-48125 

+ 65 

85-0 

1-46450 

- 1-2 

67-9 

1-47300 

+ 22 

71-1 

1-48160 

+ 66 

86-6 

1-46475 

- 11 

58-2 

1-47825 

+ 23 

71-4 

1-48176 

+ 57 

86-9 

1-46500 

- 10 

58-6 

1-47350 

+ 24 

71-9 

1-48200 

+ 68 

86-4 

1-46525 

- 9 

58-9 ' 

1-47376 

+ 25 

72-2 

1*48225 

+ 59 

86-7 

1-46560 

- 8 

.59-4 

1-47400 

+ 26 

72-7 

1-48250 

+ 60 

87-3 

1*46575 

- 7 

69-7 . 

1-47425 

+ 27 

730 

1-48275 

-6 01 

87-0 

1-46600 

- 6 

60-2 

1-47450 

+ 28 

73*5 

1*48:MX) 

+ 62 

88-2 

1-46625 

- 5 

60-5 

1-47475 

+ 29 

73-8 

1-48325 

+ 63 

88-6 

1-46650 

- 4 

60-9 

1-47500 

+ 30 

74-3 

1-486350 

4 64 

89-1 

1-46676 

- 3 

61-2 

1-47626 

+ 31 

74-6 

1-48876 

+ 65 

89-4 

1-46700 

- 2 

61-7 

1-47560 

+ 32 

761 

1-48400 

-6 60 

90-0 

1-46726 

- 1 

62-0 

1-47676 

+ 8.3 

75-5 

1-48426 

+ 07 

90-8 

1-46750 

0 

62-5 * 

1-47600 

+ 34 

76-0 

1-48450 

-6 08 

90-9 

1-46775 

+ 1 

62-8 

1-47625 

+ 36 

76-3 

1-48476 

■6 69 

•)l-2 

1-46800 

n ^ 

63-2 

1-47660 

+ 36 

76-8 

1-48600 

•6 70 

91-8 

1-46825 

-H 3 

63-5 

1-47675 

+ 37 

77-2 

1-4H625 

-6 71 

92-1 

1-46850 

-4 4 

64-0 

1-47700 

+ 38 

77-7 

1-48560 

-6 72 

92-7 

1-46876 

+ 5 

64-3 

1-47725 

+ 39 

78-1 

1-48576 

+ 73 

93-0 

1-469J0 

+ 6 

64-8 

1-47760 

+ 40 

78-6 

1 4H600 

+ 74 

98-6 

1-46925 

+ 7 

65-1 

1-47776 

41 

78-9 

1-48650 

+ 75 

94-0 

1-46950 

+ 8 

65-6 

1-47800 

+ 42 

79-4 

1-48675 

-6 76 

94-6 

1-46976 

■4- 9 

65-9 

1-47825 

-6 43 

79-8 

1-48700 

■6 77 

94-9 

1-47000 

-f 10 

66-4 

1-47860 

•6 44 

80-3 

1-487 25 

+ 78 

96-4 

1-47025 

+ 11 

66-7 

1-47876 

+ 45 

80-6 

1-48750 

•6 79 

95-8 

1-47050 

+ 12 

67-2 

1-47900 

+ 46 

81-2 

1-48625 

+ 80 

96-3 

1-47076 

4- 13 

67-5 

1-47926 

+ 47 

81-5 

— 

— 
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„ Refraction of Linseed Oil Mixed Fatty ict'is.—Determinatioi 
are fe^ Thorner found a refractive index of 1-4546 at 60° C 
w net Olek and Burst found the butyro-refractometer degree ( 



It will be seen from the pi-eoeding table that, if a sample of raw, 
or boiled linseed oil. examined at 25° C.. is found to give a butyro- 
refraotometer number greater than 84-5, it is open to the suspicion 
of containing an admixture of rosin, rosin oil. metallic rosinates.or 












Dineral oil. On the other hand, if the butyro-refraotion falls belosv 
10 , then additions of poor drying or non-drying fatty oils must be 
ooked for. Very small percentages are not detected by the butyro- 
efraotometer, but such are not likely to occur in practice. 

The above table shows in how tar the refractomoter test coincides 
vith the results of chemical analy^s. 

INDICES OF BEFHACTION OF DIFFERENT VEGETABLE OILS IN 
DESCENDING ORDER. 


Oil. 

15° 0. 

22° 0. 

' Lmsoetl 

1-4S14 

1-47HK 

Cameliua . 

l-4«0() 

— 

Castor .... 

1*4799 

1*4773 : 

Homp .... 

1*4777 

— ; 

Poppy .... 

1*4778 

1*4747 i 

• Maizo .... 

l*47Cli5 

— i 

Walnut 

1*47G2 

— 

Mustard 

1*4749 

1*4723 

Rape .... 

l*474rt 

— 

Colza .... 

1*4745 

— 

Beccli .... 

1 4745 

— 

Cotton .... 

1*4741 

1*4718 

Ahnoml 

1*4741 

1*4715 

Sesame 

1*4740 

1 4714 

Karth-nut . 

1*4732 

1*470(5 

Hazelnut 

M71G 

1 *4(590 

Olive .... 

1*4705 

1*4080 


REFRACTION OP MARINE ANIMAL OILS. 



15° C. 

22° a 

Cod-liver oil, palo 

1*4833 

1*4807 

Japanese fish .oil 

— 

1*4805 

Fish oil 

1*4793 


Seal • 

1*4784 

— 

Shark-liver oil . 

1*4776 

— 

Whale oil 

1*4760 

1*47*24 

Sperm „ . 

1*4665 

— 


^ , REFRACTION OF MINERAL OIL. 

15° C. 

n „-.„/D-0-9066 
Russian I 

Rosin oil 

In* 1895 Hefelmann and Mann used the Zeiss butyro-refraoto- 
neter for testing boiled oil and found that the refraction of an 


1-4992 

1-6111 

1-4894 

1-6016 

1-4920 

1-6126-1-5616 
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adulterated boiled linseed oil was from 80'6 to 84‘2 at 25° C. Weger, 
however, showed in 1897 that these figures were unreliable except 
for freshly made boiled oils, or boiled oils which have been carefully 
kept from contact with the air, and which had not been heated for 
long during their manufacture, and not to a higher temperature 
than 180° C. For such ho confV'med Hefelmann and Mann's re¬ 
sults fully. He showed that oxidation and the use of high tem¬ 
peratures in manufacture greatly increased the refraction of boiled 
oil, and in many cases to 97 or oven 99 after 18 months’ exposure 
to the air. The influence of temperature suggests that the refraeto- 
moter might be used to distinguish a boiled linseed oil, made 
drying by high temperature, i.o. by heating over a naked fire, from 
one made drying by dissolving siccatives in it at a comparatively 
low temperature. Unfortunately, the diflerences are not sufficiently 
great, and the expectation has not been realised. Consistency and 
smell are still the best tests. 

Von Neandor's values of the normal refraction are from 87 to 89, 
considerably above Hefelmann’s therefore, and if such a standard 
wore adopted, Hefelmann and Mann’s figures would have to bo 
taken as showing adulteration. As Weger has shown, however. Dr. 
Von Neander may have been experimenting with oxidised or highly 
heated oils. The use of monochromatic light, e.g. yellow sodium 
light instead of ordinary diffused light, in the refractometer tests has 
been recommended. In this way the refraction may be read to a- 
fraction of a degrotu The follow'ing is the result of experiments 
conducted in the way suggested (H = refraction). A mixture of 
59'7 per cent, linseed oil (It =. Hl'l) with 00'3 per cent, of rape oil 
(B ■= 07-2) gave at the same temperature of 25° C. (K = 75°), and 
one of 73'9 and 26'1 per cent, respectively (E = 77°). To use these 
results in determining an adulteration with rape oil, it is not necessary 
to calculate the indices of refraction as Von Neander does. The 
angles can be used themselves. The equation will be, if 

ti - per cent, of adulterant present. 

X =■ refraction of pure linseed oil. 

;(/ = „ of adulterant, 

z ■= „ of mixture. 

100 (x - z) 

O'* ■ . 

X - y 

From this equation we have for a in the two oases of admixture 
with rape oil alwve given the values 43"9 and 28 7 respectively, so 
that the experimental results are as good as could bo expected in 
such a case. 

It may be concluded that although refractometer analysis may 
be made to give fair results, with mixtures of known composition, 
it is not yet in a condition to give reliable results with the very^ 
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complicated mixtures of unknown composition to which it might be 
applied. * 

H. Wolff investigated how the addition of rosin to boiled oil 
specially affected its normal refraction. He used ijeiss's butyro- 
refractometer at 15° and sodium light. By using six different sorts 
of linseed oil, and five sorts of rosin, he himself made a very large 
series of boiled oil in his laboratory and tested them with the follow¬ 
ing results:— 

TABLE SHOWING EFFECT OF THE PKESENCE IN .SOLUTION OF 
DIFFERENT PERCENTAGES OF ROSIN ON THE INDEX OF RE- 
FRACTION OF BOILED I.INSEED OIL. 


20 ro8in-frce boiled Oils 
12 boiled oila with 8 juir cent, rosin 
12 „ ,, 5 

15 10 


10 .15 

5 „ 20 


I 


IjlVWObt 

. Averairc 

1 Maxiiijiuii 

i ytityMiUffter 

' Ihitvroinoter Butynoiiwter 

j Ik'srec. 

1 Dt'grtM*. 

DegnHj. 

! 80-1 

HH-O 

01-2 

88-5 

DOO 

92-2 

‘.)l-8 j 

92-5 

94‘() 

«G-7 1 

97*5 

1000 

Index of : 

Index of 

Index nf 

Ilefraction | 

Kefraction 

Ilefraction 

1‘489(; i 

l-492() 

1-4975 

l-4'.«)0 ! 

1 -4980 

1-5012 


I 


' With boiled oils containing more than 10 per cent, of rosin, the 
whole field of view is illuminated. The boiled oil is then diluted 
with an equal weight of turpentine oil of known refraction and the 
mixture tested. If the index of refraction found he mj and that of 
the turps nl then the index of the boiled oil to be determined is 
X = 2-09 iKj - 1’093 nl + 0-003. 

Wolff asserts that in ail boiled oils withia higher density and a re¬ 
fraction above 92, the rosin should bo quantitatively estimated. 

TABLE SHOWING THE INDEX OP REFRACTION OF DIFFERENT 
FRACTIONS OP RUSSIAN, AIjSATLVN, GERMAN, AMERICAN, AND 
BAKU PETROLEUM. (ENGLER.) 



Kractiim: l-fO^-ieo^C!. 

c. 

240'’-260M: 

21^-310'* C. 

Petroleum. 


— 

- 



- .. 



* 

Density. 

Index. 

l)(*nMly.| Index. 

IX'HHity. 

Index, 

Deusity. 

Index. 

TefferuHee 

0-7465 

1-427 

0-7840 

1-437 

0-8130 

1-451 

0-8870 

1-465 

Pechelbronn . 

0*75.50 

1-421 

0-7900 

1-440 

0-8155 

1*454 

0*8320 

1*462 

Oelbeim. 

0-7830 

1-435 

0-8168 

1-450 

0*8420 

1-468 

0*8625 

1-480 

Pennsylvanien 

0-7650 

1-422 

0-7860 

1-439 

0*8120 

1*454 

0-8326 

] 463 

Baku 

0-7820 

1*436 

0-8196 

1-451 

0-8446 

1*467 

0 8640 

1-475 


llie above indices seem in some instances to overlap those of 
spirits of turpentine and of some drying oils. 




' mat KO OOBBBLATION EXISTS BETWEEN Sfef 

INDEX OP BEPRACTION* AND THE FIGURES EXPRESSING THE ^ 
OXYGEN ABSORPTION PER CENT. THE 


Butyro- 

Refractometric 

Degree 

Butyro- 

Rcfrautcsuetric 

I-)egree 

Average 

1 OiygeD Absorption 

1 per Cent. 

at C. 

e 

at 40® C. 

1 Glass-plate Teste. 

81-5 

72*5 

! - 

81-3 

72-4 

! 18-0 

80'2 

71*4 

i 17*1 

80*8 

— 

1 

— 

82-2 

- 

: 16'4 

1 

85*1 

7G-1 

19*8 


Linseed for varnish-making. . 

M for paint purposes 
.. from Indian seed 
Paint linseed oil N. 

Li nsced oil W, three years old, \ 
nob completely sealed . / 

Linseed oil of English origin, 1 
five years old, perfectly sealed I 


treated linseed oil, that is HKPiypD 

AND BOILED LINSEED OIL TH\T THERE 

InD Tm EKjm^Ef r^vil'r KEElUOTm^ 

PEK S. d™ UOH ABSORPTION 


Butym- I Biityro- ; Average Oiygou 
j RefriKtoiuetric lielractninetrie I Alworption 
j Degree | legree ■ P*^*" Pvnt. 

at i!0“ C. I ut •£)'’ C ■ *’1“^ 

Teats. 


Natural bloaehutl, raw linauod 
oil (oommcrcial) 

Paint oil A, Table 12. 11 montlia 
in beakor glass oxposod to air 
Paint oil A, treated with Inllers’ 

earth at S0“ C. 

Linseed oil, boated by superheated 
steam to 2,TO” C. . . . 

Varnish linseed oil. Table i, 
heated for 1 minute to 250° C.’ 
Paint oil A, heated for G hours at 

160° C. 

Paint oil N, heated in test tube to 
about 280” C., freed from mucil¬ 
age . 

Paint oil A, boated in litre flask to 
!^0“ 0., demucilaginated . 

Paint oil, lieated in litre flask to 

>’00” 0. 

Paint oil, heated tor 40 hours to 

180 to 190” C. 

Paint oil. heated 5 minutes to 360° 
0 . . , , . , 
Linsoed oil W., Table 1, heated; 
in bulk from 100 to 140 and air' 
blown, kept 3 years and not ab-' 
solntely hormatioally sealed . i 
Cold blown linseed oil, 3 years old i 
i< „ paint oil . , .! 

Paint oil A, warm blown 
Cold blown Irom Indian linseod. 
Table 8 . . . , 

Hot blown from Indian linseed,: 
150° 0., 20 hoars 


81-5 

83-0 

81'5 

81-6 


810 
a2'l 
82-5 
90-9 
102'3 


84-2 

83-4 


80-2 

92-6 


V2-5 

72-5 

72- 5 

73- 7 


15-3 


IG-6 


543 


I 14-5 


73- 6 

74- 2 





'^fi^''"tHTnJICAi;.'’pEOM!BTIBS OF XINSBEd'COj? vf?' 1(}| 

Correlatton"of Index of Befraefion and Iodine Absorption Per 
Cent .—Ifi the same way the iodine absorption is connected with 
the index of refraction as shown in table. 


TABLE SHOWING CORRELATION OF IODINE ABSORPTION PER 
OENT. OP LINSEED OIL WITH ITS INDEX OF REFRACTION. 
(THOMSON AND DUNLOP.) * 



Iodine No. (Wijsl. 

Butyro-Refriioto- 

sa Iiidel of 
Ilefreotion. 

Source. 

nieUsr Degree 

C. 

Riga. 

206'4 

85-6 


Potrograd .... 

200-0 

84-2 


North America. . ^ . 

1D4-6 

H3-2 


Calcutta. 

18H-6 

81-7 


La Plata . 

185-6 

81-0 



.. . 




But this parallelism, this simultaneous decrease of both factors 
can only apply to freshly expressed raw oil from fresh seed. 


PoLAWMKTKIC TkSTS. 

The researches of Bishop and Peters on the optioity of a number 
of oils show that with the exception of castor oil, croton oil, and 
rosin oil, only dextro rotations are produced by sesame (high) and 
olive oil (feeble), all the others, including linseed oil, being either 
optically inactive or having a slight laivo-rotatory power. 

1. The Polarimelric Examinatwn of Linseed Oil Suiihisticaled 
with Refined Rosin Oil (R.R.O .).—According to Aignan such a mixture 
rotates the plane of polarisation to the right by an angle perceptibly 
proportional to the quantity of rosin oil which it contains. If the 
rotation_C|))Served with a 200 millimetre tube bo represented by [a]|> 
and the weight of the rosin oil in 100 parts by weight of the mixture 
by h, we get in the case of a mixture of linseed oil with— 

1. Refined rosin oil =■ + !'• 

2. Choice white rosin oil (a]u = + }J A. 

3. Rectified rosin oil [a],, = + j], /i. 

The first mixture* is the most common. In actual practice, there¬ 
fore, alMfcSt has to bo done is to measure [«]„ by the polanmeter, 
and to estimate h as refined rosin oil, according to the formula 
h =■ [o]b \}. The oils in question being dark in colour, it is better 
to work in a 100 millimetre tube and to calculate 
h » [ajp = I7*. 

2. Estimation of Rosin Oil in Paint by the~Polarimeter. —(o) A 
certain amount of the paint is frequently stirred and shaken up with 
etfier and allowed to settle. The ether containing the oil in solution 
fioats to the surface and the polarisation tube is filled with the ethereal 
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solution. If no optical deviation be produced, there is no rosin oil in 
the paint tested. On the other hand, it [a]„ be the rotation towards 
the right with a 200 millimetre tube, according to Aignan's researches 
on the rotatory power of an ethereal solution of linseed oil contain¬ 
ing rosin oil, the proportion of rosin oil may be calculated by the 
formula— , 


h 


'*[d1 

432- 


(h) A known weight p' of the ethereal solution is run into a flask 
and heated on the water-bath at 100° C. (212° F.) so as to drive off 
the ether; the oil which boils only at 300° C. (572° F.) is left in 
the flask. Let its weight be represented by p‘. The proportion 



/i* per cent, of oil (linseed oil and rosin oil) contained in 


the ethereal solution examined by the polarimeter. If /(' = h, it 
may be taken for granted that the paint contained linseed oil free 

from rosin oil. Generally is greater than k, then 100 will give 


the percentage of rosin oil contained in the linseed oil which was 
used to make the paint. 


THE ROTATOrtY POWER EXERTED ON THE PLANE OP POLARISA¬ 
TION BY VARIOUS OILS ACCORDING TO DIFi’ERENT OBSERVERS. 






Authontios. 















Bishop. 

Pwtws. 

To.xier. 

(Jirard. 

Araohis 


-0’4 

-21 to -fO-5 

0 to + 0*1 

- 0-3 

Heech 


_ 

_ 

- 1 

- 0-8 

Gamolina. 

— 

_ 

0-7 

- 2-3 

Caator 


— 

40-7 

+ 38-6 to - 48 

+ 43 

Colza 

/ French, 
Japan 

-2-n 

-lo] 

-0-53 to -1-8 

- 1-3 to - 2' 

- 0-8 

Gottou 



-0-7 

- 1-3 

- 1 

Croton 


— 

+ 42*5 


+ 46 

Hemp'soed 


— 

- 0-7 

- 0*5 

Linsood 

. 

-0-3 

-0'3 

- 0-7 to 0-4 

— 

Maize 


_ 

_ 

- 1-3 

— 





( Lubricating+10tol*3) 


Olive 


+0-6 

+0*4 to 1 

• Burning 4- 1*0 
(Edible + 0-7 ) 

+ 0*6 

Poppy 


0 

-0*1 to -0-7 

- 0 3 lo - 0-5 


*■-' — 

Kapo 


— 

— 

- 1-3 

+ 1-0 

old 

+ 311 





hot pressed 

+ 7-2 




Sesame- 

1878 

+4*6 y 

+ 5 

+ 5 to + 6*1 

+ 5 


1882 

+ 3*9 





India 1884 

+ 7-7j 




StiUiugi 

a 

— 

— 

— 

— 







-6-45»in 

Walnut 

. 

-0-3 

-0-3 

- 0-7 to - 0-4 


20 mm 
tuboias'+29 







Sacch. ^ 

Wood 

■ 

“ 


0 

— 


' Crude rape. 
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OPTICAL DEVIATION OF ROSIN OUj AND MINERAL OILS. 


Rosin Oils. 


1000 

+ 51-7 

9685 

+ 44-4 

9849 

+ 41-2 

9768 

- 38'7 

9806 

+ 36-0 

9854 

- 80-7 

9898 

+ 26-0 


Muitiral Oils. 


Russian D = 0 006 to O OOB + 15 G to + 10 
Ainoricail D « 0*883 to 0*910, 0 to + 2 
Hussiau Valvoliiies D = 0*914 + 22*4 to + 26*fi 
American Valvoliues D - 0 882 to 0*890.0 to + 0*H 








CHAPTER IX. 

THE ADULTEUATION OP LINSEED OIL. 

Oil CruMng. Hot and Cold Prened Unmd.-Kotd and An 

reed frot I^wdetd 

tracted fatty matter was not rancid, but white, solid, and Kranular 
8“''®’ alcoholic silver nitxate, a^decided 

Mnoludcd that the oilcake contained an addition of foreign fat 
Masthaum did not agi'oe with this conclusion, arguinu that during 
pressing a flow of diHorent glycerides may take place \nd that thf 
hg'htor fluids would ho the first to leave the press‘d FisZendei and 

ot linseed with 9 per cent, of foreign seed, of which fi-S ner cent 
was cruciferous seed, wore divided into two portions of which nne ' 
portion was prepared, the other not. Then both were pressed first 
in the cold then hot pressed, then extracted with petroleum ether 

-“-'i 



Prejtartd. 

UnpreparwJ. i 

‘ 1 of IteHuiue. 

1. Cold presaod 

II. Pressed at 70® C.... * 

11].^Extracted by petroleum otlier . 

lSO-3 

180-3 

179-9 

100*5 *25 per cent. 

• 176-3 ; 12 , 

162-5 ' _ 

---- 

- 

_• _ 


thatTih connection with the impurities in linseed oil is' 

ttnol the oir*’™d is due to the contamins- 

r ' « ‘hese foreign seeds be oil- 

ThS,r"^ have little effect on (o) the yield of oil, oi (i) its quality. 
Their effeo IS negative, but if they be oleiferous then their oil intent 

poZn oT h ‘r“ cheZaTcom 

to \TOs ni a »®c^- Accord- 

to Wijs (1) Dutch seed contains little foreign seed; (2) La Plata seed,* 



Me adtjltebation' bt ueseeb jra 

as most; 5 per cent, at least, but almost exclusively oil-free seed; 
,gain (3) British-Indian linseed rarely exceeds 6 per cent, of 
jreign seed, and these are mostly oil-free, but occasionally 1 per 
ent. of brassica (rape-seeds). There comes from (4) Calcutta, 
very inferior grade of linseed which is said to bo shipped with as 
auoh as 20 per cent, of foreign•oleiferous seeds; (5) South Hussian 
Hack Sea seed is apparently pure, but it mostly contains brassica 
eeds. Again (6) North Russian Baltic seed is impure—5 per cent, is 
ittle of foreign seeds, 10 to 20 per cent, is often present, and if higher 
lonstants be found only brassica and camelina seeds are present; 
7) North American seed is apparently always pure, and auoh foreign 
eeds as are present are seldom oleiferous. Faszbender and Kern 
ound seed to contain up to 10 per cent, of foreign seed, chiefly 
xuciferous, such as rape, brassica, hedge raustaixl, raphanua, mus- 
ard sinapis. According to the specification of the Incorporated Oil 
leod Associivtion of London, good linseed should not contain more 
han 4 per cent, of foreign seed. The manner in which the oil from 
he above-known seeds alTects the; known constants of linseed oil is 
ihown in the following table. 

r.VBLE SHOWING THE IODINE VAEUE OF (n) LINSEED OIL; (!i) 01 
THE OILS FBOM THE FOHKIGN SEEDS WITH WIlKiH IT 16 
LIAHLE TO HE MIXED. THE FIGFIIES AUE THOSE OF KETEI. 
AND ANTUSCH. THE OILS AKE EXTUAOTED HY FETHOL-EI'HER 



Oils from— 

loiliiH* Viiluf of tin-Oil. 

PurelinHced 


. ' 181487 

,, camelina seed 


MO 

,, coliui seed 


101 

‘.M) per ceut. hnseod 
«5 

•f 10 caJiiolnia . 

+ 15 ... 

170 

172 

80 

+ 20 . 

170 

90 

+ 10 colza 

. i 178 

86 

+ 4 camelina h- 11 colza 

174 

90 

+ 0 ,, i 4 „ . 

. 170 

... . . . . 


' T 


Foreign seeds in linseed, therefore, alter the composition of the 
linseed oil extracted therefrom in the same way as when other oils 
are ad^pjiAo it. Of the four oils here given (1) hedge mustard oil,. 
raphanus, is not crushed for oil; (2) mustard seed is, as a rule, dearer^ 
than linseed; (3) camelina oil is seldom met with ; and (4) rape. In? 
Belgium, Holland, the Balkan Btatee, and Russia the plants are^ 
extensively cultiva^d, and L. K. And6s asserts that linseed oil can bo 
mixed with its own w'eight of camelina seed without affecting its drying 
properties. But it has already been pointed out that in linseed oil-., 
crushing other points retjuire attention besides the suitability of thd,. 
oil for its intended use. Now the oil from camelina sativa leav^ 
a residual cake which is too acrid for cattle (“ Gardener’s Chronicle,’’^ 
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oontaiLg cimdLtTine^srMnTi'r * “^''6° «>f 'insee 

oil cake from it thrown on his hands^if he“« 

crusher must bear in mind th-it fh? ■ . delivery. Th. 

organoleptic tests to linseed cake andlls “a “PP''®'* 

pass both taste and smell. A llnsoed-oil Lt 

or other cruciferous seed, e.g. race will .v. “amelina 

If oil chemists, pure and s^ple Ldns ^cfamly he condemned' 

cannot. Besides*^ oil contain'n^^tl^^^^^^ --her 

w on used as a vehicle for white lead. * * darken 

TABLK SHOWfNO THE CIlEMroAT Axrr 

SEED OIL, CAMELINA OIL UAPF OIL "wn COH.STANT.S OP IJ 
TAKD oil. mustard OIL, HEDGE Ml 


Ifedfje 
.Mustard Oil 


0-yi75 


174 

105 



Liihwed 

Oil. 

Oam«lii)a 

Oil. 

j Rape Oil. 

1 Mustaivi- ' 
j «wl Oil. 1 

^l*.- • ■ . 

Solidification-point 
Index of refraction 
Acid number 
Saponification number 
^dine number , 
UQsapoui/iable . * 

Melting-point of fattv 
acids . . ■[ 

Solidification-point of 

fatty acids 




o-mo'iWB 

'-Hto20”U 

so-s.'i 

Up to fi 
isy-iiis 
170-200 
Up to 2% 

17-21° 

12-17° 

0-H23.0-027 

-lStol'J»C. 

18.5-188 

135-163 

- 

12- 20° I 

13- 18° 1 

^0-!il,S-0-!ll7 
Oto - C’D 
«7°-fi<l-2 
Up to 4 
107-m 
;M-io(i 

1-0-1-.57^ 

lC-22° 

12-18° ; 

!OVUhO‘f}-^0' 

! - 17-5“C. ' 

; 6!I j 

Up to 3 ! 
174-182 1 
103-122 j 

16-17° ! 

1 

16-8° ' 




-i 

- 


number and iodinl number saponification 

oil. Such an Edition wZd aS 2"'^ P"- hnseed 

oil contains an unsaturated fattv aeid ?°“®‘*nts of linseed oil. Kape 
of all cruciferous oils, d Iro^ 

PlrucicacidisLerenti r^tKo ^“P^ <>". 

hiKh ni.p., 34” C., also 2 thl°L u •‘“‘d by its 

solves in other. ^ ^ difliculty with which its i(«4^1t dis- 

“-rb. «.i«, 

oil is by the elaiden te^st wh oh bkek ““'“'"-““O o>- ordinary rape 
an experience of marine During 

of oomiiieroial colza or^mpe oil that ® “ sample 

b ackoniiig. Holdeand Marcusson’s methyl"” by 

of the fatty acids of the oil to be tested ar 20to25grammes 

'1.™ 0/ % p. rj!”* s 






iAb adulteration op linseed oil. • i7i‘fe; 

st tube whilst stirring with a glass rod, and by the aid of a freesiny ; 
lixture, to - 20° C. A precipitate occm-s which consists chiefly of the 
iterated fatty acids of linseed oil, inyristic, and palmitic acids. It is 
rained in a cold tunnel at -20° C. and washed with cooleii alcohol, 
he filtrate is evaporated, the residue dissolved in four times its 
jlume of 75 per cent, alcohol, and the solution cooled to - 20 C. 

: rape oil be present, after a lapse of an hour a crystalline pri^cipitato 
E eruoio acid occurs. It is drained and washed with 75 per cent. 
Icohol. It then appears pure white, but besides erucic acid it con- 
lins other acids, the removal of which is not necessary. The acid 
fixture is dissolved in much ether or IkuizoI, the filtered solution 
iraporated, and (1) the melting-point, (2) acid value, and (3) molecular 
reight determined. The melting-point is under 30° 0., the molecular 
reight between 310 and 320, and the iodine number about (>0, erucic 
Bid 75-1, of the other vegetable oils known to he used as linseed oil' 
iulterants; the principal ones are, (1) cotton-seed oil, (2) maize oil, and 
1) soya-beah oil. (1) Cotton-seed oil is derived from the seeds of 
le cotton plant, and produced since the sixties of last century in 
irge quantities, chiefly in the U.S.A., and after suitable refining brought 
n to the markets of the world ; (2) maize oil is another U.S.A. product, 
xtracted from the germ of the seed of zea mais. In the U.S.A. its inanu- 
icture has, of late years, become very important; (3) the soya bean is 
1 C product of a shrubby plant, up to now almost exclusively culti- 
ated in Manchuria, It first appeared on the world’s markets a few 
ears ago. The first cargo was landed in Germany in 1910. All 
iree oifs are pale yellow in colour, and when refined almost without 
aste and smell. Theii- constants are given in the following table, 
rith those of linseed oil in parallel column for better contrast. 


'ABLE SHOWING THE CHEMIOAL AND PHYSICAL CONSTANTS OP 
LINSEED, COTTON-SEED, MAIZE, AND BEAN OILS. 



UnfMJed Oil. 

Cotton-wHjd 

Oil. 

Mai£c Oil. 

ClaneiM^ 

Bt'an Oil 
(Soya). 

Specific gravity at 15“ C. 
Solidification-point 

o-93o-o*9;h; 

-8to-20®t’. 

- lto-l-4'^C. 

0-921-0-924 
-10 to -15“C. 

0-924-0-929 
- 14 to-15“ C. 

Butyro-refractomer ' 
Degree 

80-B5 

07-75 

77-5 

- 

Cqual •u'Tin index ot 





refraction of acid 


1 

191-198 

101-117 



number . 

Saponification number 
Iodine number . 

Up to 6 
189-195 
170-200 

188-193 

111-130 

190-193 

121-137 

Hezabromide number. 

22-37 

0 

0 


Unsaponifiable . . 1 

Up to 2 “/„ 

0-7tol-7°/„ 

1*3 to 1*6 


Melting-point ot the 
fatty acids 

17-21“ 0. 

34-43“ C. 

16-23“ C. 

26-29“ C. 

Solidilying-point of the 
fatty acids 

13-17“ C. 

28-36“ C. 

13-16“ C. 

23-25“ 0. 




• ■ The high melting-point of cotton-seed oil fatty acids, with their 
wide range of melting-points, is characteristic. It also conaps on the 
: market as stearine-free cotton-seed oil, which during prolonged storage 
■in the cold has deposited a large amount of its solid glycerides. For 
the special detection of cotton-seed oil many different colour reactions 
are given, but none of them are free from objection, at least none such 
as are to bo found in the literature, "the silver nitrate test, according 
to Milian, is applied thus: Five c.c. of the mixed fatty acids are 
■dissolved in 15 c.c. of 90 per cent, alcohol, the solution heated to 
incipient ebullition, then 2 c.c. of silver nitrate solution, 30 grammes 
in UX) c.c. of water, added. Two per cent, of cotton-seed oil gives 
a characteristic brown colour. 

In Halpben’s reaction a 1 per cent, solution of sulphur, in carbon 
disulphide, acts as the reagent. Kqual volumes of amyl alcohol and 
the above solution are shaken in a test tube (for i to hour), placed 
in a boiling solution of common salt, tbo OSj is evaporated to about 
6 per cent., when the cotton-seed oil assumes an orange-red to red 
coloration, 

Hoya-bcan oil as a new comer has been little studied. Its “ con¬ 
stants," to some extent, approaob those of linseed oil, so that small 
quantities in lins(!ed oil would he difficult to detect. Moister found 
it so. Meister regards soya-bean oil as a fair drying oil. But it has 
several drawbacks. It bleaches better than linseed oil but daikens 
more on beating with driers. Moreover, the oil skin or coat obtained 
from bean oil is softer and more easily abraded. Finally, bean oil 
and the boiled oil derived from it exhibit peculiar properties. It does 
not dry out to a uniform film like linseed oil but generally in irregular 
flakes and streaks which dry lustrous, whilst the smooth paint dries 
fiat. Apparently it can only he used in admixture. Meister limits 
the amount of bean oil that can be added to linseed oil to 25 or 35 
per cent, at the most. 

Linste.d Oil Sopliistkated with Maize Oil. —As to maize oil its 
detection is much more delicate; a colour reaction has been given for 
its detection in linseed oil, but it has not boon confirmed. If the ad¬ 
dition of concentrated sulphuric acid gives a characteristic grey colour 
lasting tor a minute, then the solution of the oil in carbon disulphide 
gives a violet colour with a drop of concentrated .sulphuric within 24 
hours.. Moreover, maize oil contains sitostcrin instead of the usual 
pbytosterin of m.p. 137'5 to 138, and this fact is utilised in its^tection. 

The iodine number of maize oil is too high, lUtogether abnormal, 
thus differing from the iodine number of number 2 and the iodine 
numbers of different authorities; 123'3 to 124'6 Tortelli and Buggieri, 
116'3 Smetham, 130'8 Lewkowitsoh, 122’7 Archbutt. Cotton-seed 
oil will lower the percentage of liquid fatty acids in linseed oil to a far 
greater extent than maize oil or any other vegetable oil. 

Linseed Oil Sophisticated with Fish Oils. —Several fish oils fire 
«dded to linseed oil. Their usually high iodine number favonrs the 



STABLE OP COMPARISON OP PHYSICAL AND CHEMICAL DATA 
f TWO POSSIBLE ADULTERANTS OP LINSEED OIL. VIZ. COTTON- 
i SEED OIL AND MAIZE OIL. 



A- ^ 

it- 

sn 

4 

G 

■2 

a 

9) V 

'A 

Acetyl 

Number. 

Is 

0 

'll 

E & 

1 

c*§ 

l< 

a <9 

^0 

Cotton oils 

Cotton planters 

68 

164 07 

107*16 

19-49 

112*6 

03 5 

3Gto 87 

Aldigo 

67-2S 

194*87 

104-7.5 

20-0G 

111-5 

63 


Delmonus 

G7-26 

200-4 

10(i-G2 

28-04 

118*2 

66*5 


Cotton-park . 

68*28 

194-45 

107*1 

19-28 

ll.S-OG 

58 

.. 

Maisse oil 1 . 

71*25 

188*11 

147-GO 

20-58 

151*40 

7.3-5 

18 to 20 


70 

180-82 

124 50 

22-75 

130-20 

72 



adulteration. ^The chief adulterants are (1) commercial cod oil (tho 
medicinal oil is too dear), (2) sardine oil, and (d) more esjxicially in 
U.S.A., menhaden oil. Cod oil comes from Newfoundland, Norway, 
and the East Coast of Great Britain, the, oil is sometimes allowi*d to 
exude from tins livers spontaneously, or it is expressexl. Sanline, fish 
oil, from the Spanish coast, is olrtained from a well-known small lish. 
In the literature its composition is mixed uji with .Japanese, lish oils, 
but that is not correct. The Spanish sardine oil has the highest 
“iodine number of any lish oil, whereas most .Japanese lish oils have very 
low iodine numbers. Menhaden oil is obtained on the coast of North 
America, from a Jish allied to the herrin),' ( V mackerel). Figures for 
fish oils vary greatly, partly ow'iiiK to the condition in which they are 
marketed, through freeing the oil by cooling from a portion of its 
solid glycerides, fish tallow and such oils ditfer to the extent and 
manner in which the crude oil has been freed from solid fat. J. 
Hertkorn tried by extreme cooling under specially elaborate conditions 
to force the oil to deposit its solid fat and to use the thin fluid oil so 
obtained as a linseed oil substitute. 


TABLE .SHOWING THE CHEMICAL AND PHYSICAL CON.STANTS OP 
LINSEED OIL, COD OIL, SARDINE OIL, AND MENHADEN OIL. 


•• 

• 

Linseed Oil. 

CodOU. 

Sapfllue Oil, 

MBuboden 

(H. 

Specific gravity at 15® C. 

0-930g)-936 

0^120-0*980 

0*928-0*934 

0-925-0-988 

Solidification-point 

B u t y r 0 -refractometric 

-8to-20°0. 

Mostly over 0® 

Mostly over 0® 

— 

degree 

fiqual to an index of re- 

80.85 

80-85 

— 

80-88 

fraction of acid number 

Up to 6 

Up to 26 

Up to 20 

Up to 16 

Saponification number. 
lodiqe number 
Hex^romide number . 

189-195 

182-187 

188-194 

188-193 

170-200 

160-170 

170-200 

145-176 

22-87 

38-48 

_ 

— 

U&aaponifiable 

-- 

Up to 2 

Up to 2 

Up to 2 

Up to 2*2 
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Ilhe oharaoteristio smell of fish oil is the chief method of detecting it. 
But almost odourless sorts are on the market. The smell of the original 
fish oil, however, reappears when the deodorised oil is warmed hy rub¬ 
bing between the palms of the hands. Bearn, on treating a suspected oil 
with steam and collecting the distillate, found an unmistakable fish 
smell. Even 2 per cent, of fish oil can be so detected. A whole 
aeries of colour reactions are giveif for the detection of fish oil, but 
none arc reliable. On the other hand, the unsaponiliable should lend 
itself without objection to the detection of fish oil, but up to now no 
such research has succeeded. Lippert separated the unsaponifiable 
from a fish oil and examined it closely. Ho obtained a thick un¬ 
pleasant-smelling oil readily soluble in acetic acid, like rosin oil; the 
solution gave with acetic acid a bi'ight red colour. Later he isolated 
cetyl alcohol from the unsaponifiable with a m.p. of 50° C. Up 
to now that alcohol has only been identified with certainty in 
walrus oil. Cholestorin occurs in ordinary fish oil. It has been 
already shown that linseed oil unsaponifiable on three crystallisations 
from absolute alcohol yields phytosterin crystals of m.p. 137'5 to 
138“ C. Pish oil does not seenf to be capable of detection in this 
way nor by the so-called phytosterin acetate test. In that test the 
unsaponifiable from 100 grammes of oil and 2 to 3 grammes of acetic 
anhydride are heated to boiling for 1 hour in a small porcelain basin, 
covered with a watch glass and the excess evaporated on the water- 
bath. The resulting acetyl-ester is as often as possible crystallised 
from absolute alcohol and its melting-point determined. Phytosterin 
acetate from linseed oil melts at 128 to 129° C. The cholesterin 
acetate from pig’s fat melts at 113'fi° 0. II. Bull separated highly 
unsaturated fatty acids fiom fish oil, their sodium salts being sol¬ 
uble in a little absolute alcohol containing ether. Ho believed such 
fatty acids may be used to detect fish oil in linseed oil. On the other 
hand, Prujimoto isolated from various fish oils an unsaturated fatty acid 
with four double bonds, clupadonic acid, C)gn,^,0,^, and in the form of 
its ootobiomide, CigH38Brj0.j, insoluble in ether. This octobromide 
is differentiated from hexabromlinolenic acid, of m.p. 175 to 180° C., 
by the fact that it blackens at 200° C. By aid of this property 10 per 
cent, of fish oil can be detected in linseed oil. 

Adulteration of Raw Linseed Oil .—Amongst other adulterants than 
glycerides, minoml oil, rosin oil, and rosin occur, whilst the first-named 
oil, linseed oil, still remains so cheap that even sligh<f;adulteration 
therewith is pfofitable. Eosin was formerly cheap, as low as 2s. fid. per 
cwt., and in those days rosin oil was the classical—the one and only— 
adulterant, but in the last three decades rosin has risen in price 
twelvefold or more and now rivals some of the cheaper copals. 
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TABLE SHOWING CHEMICAL AND PHYSICAL CONSTANTS OF LIN- 
SEED, MINEBAL AND ROSIN OILS. ALSO ROSIN. 



Lin'Hjfiii Oil, 

' Mineral Oil. 

Rosin Oil. 

Itoitin. 

Specific gravity at 15“ C. 
Kelraction at 15° C. 

0*980.0*93C 

0-8-0'920 

0'90 0-9IK) 

About 1*1 

1 •484-1-488 

: l'439 1-508 

1-58C-1-650 

1-648 

Acid number . 

Up to 6 

0 

Up to 60 

140. ISO 

Saponification number . 

189-196 

i Up to 8 

Up to 65 

1C015H) 

Iodine number 

170.2tX) 

, Up to 14 

46-48 

140-180 

Unsaponifiable 

Up to 2 p.c. 

1 97-100 p.c. 

70-90 p.c. 

Up to 15 p.c. 


Mineral Oil ax an AiiuUeranl of Ham Liiixeed Oil .—Minural oil 
used to reduce linseed oil consists of a certain traction from crude 
petroleum or certain fractions of shale oil distillates—fractions which 
ar» exclusively unsaponifiable hydrocarbides. Its acid number is 
therefore 0, although some sorts contain traces of sulphuric acid from 
the reiining. The saponification number should likewise be 0, al¬ 
though, as a rule, on treatment with alcoholic potash, 1 or 2 per cent, 
is absorbed. The saponification number and tbe iodine number of 
linseed oil are necessarily lowered by mineral oil, whilst the per¬ 
centage of unsaponifiable is increased. Qualitatively the presence 
of mineral oil in linseed oil in not too small a quantity is deteeted by 
^tbe so-called water reaction. One gramme of the sn8))ccted oil is heated 
in a test tube, with constant shaking, wit h 5 c.c. double normal alcoholic 
potash. Pure linseed oil gives, after a few minutes, a clear soap 
solution, which remains clear on the addition of water. Linseed oil, 
containing mineral oil, does not givea clear solution,oven on long boil¬ 
ing, and on the addition of water turbidity persists. The insoluble 
mineral oil separates out on long standing. With a small amount of 
mineral oil the alcohol solution may remain clear, but on adding water 
it becomes cloudy. Thoms and Feudur have shown that pure linseed 
oil contains less than 2 per cent, of a homogeneous wax-like mass, 
completely soluble in warm alcohol, with an iodine number of 80 to 90. 
On the other hand, the unsaponifiable in the presence of mineral oil is 
in greater part fluid, from which phytostorin crystals separate out on 
heating with 90 per cent, alcohol. Small drops remain undissolved. 
The weight is more than 2 per cent, and the iodine number below 80. 
In a sperial^se a linseed oil gave 2'86 per cent, unsaponifiable, with 
an iodine number of 38'2. A pure linseed oil was raixdd with 2 per 
cent, mineral oil, and on analysis the percentage of unsaponifiable 
had risen from 1'06 to 2'82, and the iodine number fallen from 83'9 
to 35 per cent. Therefore the opinion that the suspected oil contained 
2 per cent, mineral oil was confirmed. It is to be remarked that such 
a small percentage need not necessarily imply adulteration, as tbe 
hydraulic presses in oil mills instead of water are often sprinkled 
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expressed oil. Again it is possible during the analysis for light 
; mineral oil on prolonged heating to 90 to 100° C. to lose at most 
a per cent, or two of its weight. 

Bosin Oil as an Adulterant of Baw Linseed Oil .—Rosin oil is pro¬ 
duced by the dry distillation of rosin; it consists mostly of hydro- 
carbides, but it may also contain a pertain content of rosin acids and 
anhydro-derivatives of the same. It does not therefore lower the iodine 
number nor the saponification number of linseed oil to such an ex¬ 
tent as mineral oil. On the other hand, it increases the specific gravity 
and the degree of refraction, but more especially the optical deviation, 
which of linseed oil is practically nil, but is increased up to 50° in the 
presence of rosin oil. Argnan first used this test for the detection of 
rosin oil in linseed oil. Mineral oil differs from rosin oil by its high 
iodine number and by its greater solubility in alcohol, therefore greater 
quantities are re(iuired for the water reaction. Finally rosin oil with¬ 
stands the action of nitric acid to a much less extent than mineral dil. 
If a mixture of both be heated with nitric acid of specific gravity 1’2, 
diluted with water and shaken up with ether, almost all the mineral 
oil is separated. The Storch-Morawski test ’ applies not only to 
rosin oil hut to the mother substance, rosin itself. One to three 
drops of oil to be tested are heated to boiling in a test tube with 
2 to 3 c.c. acetic anhydride. On complete cooling one drop of con¬ 
centrated HjS 04 is added without running down the inner side of 
the tube. On gentle shaking a beautiful violet fugitive coloration is 
))roduced. 

Source of Bosin .—Rosin remains as a residue when turps is dis¬ 
tilled from turpentine-oleo-resin. It consists chiefly of abietic acid, 
(’ji,Hj|,Oj, an unsaturated cyclic acid with two double bonds but con¬ 
taining a small quantity of hydrocarbides. Dissolved in linseed oil it 
increases the viscosity (consistency-body), the specific gravity, and the 
acid number. On the'other hand, the saponification number and the 
iodine numl)er, as well as the unsaponifiahle, are not influenced to a 
very appreciable extent. The index of refraction, as with rosin oil, 
rises, e.g. R. Schinok found the refraction of a linseed oil at 40° C. to 
be 71'5 butyro-refraotometric degrees; the same oil with 20 per cent, 
rosin from various sources gave 90 7 to 92-3°. Under the water re¬ 
action rosin behaves normally. For the detection of small quantities 
of rosin the suspected sample of linseed oil is treated with 80 per cent, 
alcohol; rosin when present in quantity will be founJTn 'Ihe evap¬ 
orated residue. Abietic acid is distinguished from fatty acids by the 
fact that on leading gaseous HCl into the alcoholic solution, it is not 
etherified. Twitchell has accordingly based a method for the quanti¬ 
tative estimation of rosin. This method has been made handier by 
H. Wolff. The estimation of rosin, in a rosin fatty acid mixture, is 

’ This test is better known ss the Iiiebermann-Storoh reaction. The reader 
will notice that the test has been, previously referred to by the author for some 
reason or other as the Storeh-Morawski test. 



ADtoTEEATION OE LINSEED OIL. ITI 

determined thus: 100 o.o. alcohol (95 per cent., or absolute) are al 
summer teipjperature mixed with 20 to 25 o.o. concentrated HjS 04 , 
and 0'5 gramme ground potassium bisulphate. Five grammes ol 
the fatty acid mixture to be tested are dissolved in 15 o.c. absolute 
alcohol and the solution heated with 30 o.o. of the above alcoholic 
HjSOj, etc., for 10 to 15 minutes, iu a reflux condenser. From 400 tc 
500 0 . 0 . of water are added throuf^ the condenser tube, and the fluid 
shaken with a mixture of ether and petroleum other. The extract ie 
washed three times with water, then mixed with 4 parts of alcohol, and 
neutralised with -J normal soda NaOH. The result is calculated 
to abiotic acid, the molecular weight 350 being adopted. As a control, 
the rosin acids may be estimated by the gravimetric method. 

Effect of Adulterants on the Drying of Raw Linseed Oil .—Linseed 
oil is the drying oil par excellence, if we know a priori that al! 
adulterants and doctored products impede its drying. The oxygen 
absorption is in that case lowered. The falsification of linseed oil by 
other oils prevails to some extent, especially when it attains an ab¬ 
normal market figure. Well-known semi-drying oils are used as lin¬ 
seed oil substitutes, resulting in the drying proce|8 of linseed oil 
being affected. In two special researches soya-bean oil and different 
fish oils have been found. 

The following results were obtained by oompai'ative tests with 
linseed oil and bean oil, also mixtures:— 

I 

EFFECT OF ADULTERATION WITH SOYA-BEAN OIL ON DRYING 
AND WEIGHT OF OXYGEN ABSORBED PER CENT. COMPARED 
WITH LINSEED OIL. 


• 

{ Time of 

Oxygen 


: Drying, 

; Absorption, 


IlonrH. 

! Ppr Cent. 

Linseed oil, raw. 

: 78 

i 

19*6 

Bean oil, raw. 

144 

16'9 

Linseed oil bleached by fuller’s earth . . . . 

72 

20-7 

Bean oil. . . 

120 

101 

Linseed oil 1 hour heated to 250’’ C. . . . . 

72 

18-7 

Bean oil 1 hour heated to 260'^ C. . . 

. 114 

18-8 

75 parts B., 25 parts L., raw. 

188 

17-8 

50 „ „ 60 *. 

114 

15-7 

25 „ ,, . 

114 

16-0* 

Linseed dri vnTn 2 per cent, manganese rc^inate 

8 

17'9 

Beau oil with 2 per cent, manganese rosinate 

13 

18-7 

Liuseed oil with 2 per cent. lead rosinate . 

86 

17-2 

Bean oil with 2 per cent, lead roainate 

62 

16-4 

linseed oil with 2 per cent lead manganese rosinate . 

7 

18-1 

Bean oil with 2 per cent. lead manganese rosinate 

IS 

15-4 

76 parts L., 25 parts B., 2 per cent. mn. rosinate 

14 

14*1 

76 „ 26 „ „ 5 „ pb. mn. rosinate . 

8 

4-1 









OXYGEN AB80BPT10N PER HOUR OP: (1) RAW LINSEED OIL. (2) 
RAW SARDINE OIL. (3) BOILED LINSEED OIL. (4) BOILED SAR- 
DINE OIL; AND (5) A MIXTURE OP 75 PER ( ENT. LINSEED OIL 
AND 26 PER CENT. SARDINE OIL. (MEISTER.) 


Honrt. 

liinsced 

Oil 

Sardine Oil 

0 

foiled 

Linseed 

Oil 

BoiIkI 

Baniiue 

Oil 

Boiled Oil: 

76 per Cent. 

Linseed. 

25 per Cent. 
I^rdine. 

1 


.3-8 

— 

_ 

_ 

2 

0-1 

7-2 

— 

121 

— 

B 

0-B 

10-1 

5-7 

17'2 

10-9 

G 

0-5 

14-1 

12-2 

19-7 

13-5 

8 


16‘H 

— 

— 

15*5 

9 

0*6 

10-7 

14-8 

— 

15'6 

10 


- 

— 

lO'S 

— 

11 


17-!» 

— 

— « 

— 

12 

0-7 

— 

— 

19-8 

15'9 

22 

_ 

19'9 

— 

17-7 

— 

24 

4-2. 

— 

IG'B 

— 

— 

2H 

_ 

IH'B 

— 

— 

— 

BO 


_ 

14'2 

— 

— 

4« 

9*8 

IH'9 

12-4 

15'f) 

15-1 

54 

10*2 

— 

— 

— 

— 

72 

lOvS 

IG'l 

12*2 

14-7 

— 

75 

19'2 

13'6 

— 

— 

13*1 

96 

— 

i(;-4 

— 

— 

12*9 

120 

19-0 

16-2 

12-B 

15-2 

144 

18-7 

lfi-1 

12’2 

14-!» 

— 

168 


15*9 

— 

1 U'2 

— 

200 

— 

15’6 

12-0 

! 13*8 

! 

12-7 


U.S.A. STANDARDS FOR RAW LINSEED OIL. 


Specific gravity at 15'6° 0. 

„ at26‘’C. 

Turbidity and foots 
Moisture and volatile matter 
(a) . . . . 

h) ... . 

Aan .... 

Acid number in MgsKOH 
Saponification number 
Uneaponifiabie matter. 
Refractive index . 

Iodine number . 


•1. 

2. 

3. 

4. 

0*9346 

0-9329 

0-9338 

0-9342 

0*9299 

0*9284 

0*9285 

0-9295 

0*78 0.0. 

0*35 

0-40 

0-65 

OOSO pet cent. 

0*082 

0-171 

0-051 

0-041 „ 

0-078 

0-191 

0 044 

0-136 „ 

0*024 

0*038 

0-156 

Ml 

e-335 

1*79 

1*54 

190-76 

190-5 

192-2 

190-4 

1*00 

0-9SB 


1-01 

1-4798 

1-4796 

1-4797 

1-4797 

186-36 

183-9 

186-87 

186-1 





WHICH ARE OTHER- 




TABLE COlfPABiNG CONSTANTS OF SUCH DRYING OILS AS LINSEED 



281-9 
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A raw linseed oil should be considered pure when it teats betweei 
the following:— 



1 Maximum. 

Minimum. 

Specific gravity at 16-6® 0. 

. *. o-asfi 

0-932 

„ „ at25®C. 

Acid number . 

0-931 

0-9270 

6-00 

_ 

Saponification number . 

. 192 

189 

Uusaponifiable matter . 

1*50 percent. 

— 

Uefractive index at 25® C. 

. 1-4805 

1-4790 

Iodine number (Hanus). 

. i 190 

1 

178 


Raw linseed oil from North American seed should conform to the 
following requirements :— 


Specific gravity at 


Specific gravity at 

Acid number 
i Saponification number 
j Uusaponifiable matter, per cent 
Uefractive index at 25'^ C. . 
iodine number (Hanus) 






Miiximum. 

Mmimum, 

15-5® ,, 
15-5® 



i 

0-936 

0-982 

25® 




0-931 

0-927 




C-00 

— 


lil5 

l-SO 

1-4S05 


IH'J 


1-4790 

180 


Scheme, for Exnminaluin of Linseed Oil for Purily or Otherwise .— 
(1) Specific Gravity. —Determine with a pyknometer or spindle at 
15-6° G. (2) Viscosity. —-Use the Engler method, making the deter¬ 
mination at 20’ C. (3) Flash-point,Opun Cup.—Seta nickel crucible 
60 mm. in diameter at .the top, 40 mm. in diameter at the bottom, 
and 60 mm. in height in a hole in the middle of a sheet of asbestos 
board 200 mm. square. The bottom of the crucible should project 
about 25 mm. through the asbestos. Support the asbestos on a tripod 
and suspend a thermometer reading to 400° 0. in degrees in the 
centre of the crucible, so that the lower end of the thermometer 
is 10 mm. jrom the bottom of the crucible. Then pour in the oil 
until its level is 15 mm. below the top of the crucible. Place a 
Bunsen burner below the crucible and regulate the size of flame so 
that the thermometer rises 9° a minute. As a test flame use an 
ordinary blow-pipe attached to a gas tube. The flame should be 
about 6 mm. long. Begin testing when the temperature of the oil 
reaches 220° C., and test for every rise of 3°. In applying the test 
move the flame slowly across the entire width of the crucible im-- 
mediately in front of the thermometer, and 10 mm. above the sur¬ 
face of the oil. The flash-point is the lowest temperature at which 
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the vaiwurs above the oil flash and go out. (4) Fire-point .—After 
noting the temperature at which the oil flashes continue tne heating 
until the vapours catch lire and burn over the surface of the oil. 
The temperature at which this takes place is the fire-point. In 
determining the flash-point note the behaviour of the oil. It should 
not foam or|_crack on heating. Fo Pming and cracking are frequently 
caused by the presence of water. (5) Turbidity .—Note whether the 
oil is periectly clear or not. ((>) Foots .—Let a litre of the oil stand 
in a clear glass bottle tor H days, and then note the amount of re¬ 
sidue formed. The highest grades of oil show no turbidity or foots 
by this test.. The claim is made that sometimes what would be called 
foots by the above method is duo to the freezing out of tats of rather 
high melting-point. When a sufficient amount of the sample is avail¬ 
able, heat' one portion to 100° C. and set it aside for the determina¬ 
tion of foots, together with a sample just as it is received. (7) Freak. 
—Heat' 50 c.c. of the oil in a beaker to 300° C. Note whether the oil 
remains unchanged or " breaks," that is, shows clots of a jelly-like 
consistency. Note also the odour of the oil after cooling, and by rub¬ 
bing it oiiithe hands a small amount of fish oil may be detected in this 
way. {S)\Moisture .—Heat about 5 grammes of oil in an oven at lOO" 
for 45 minutes; the loss in weight is considered as moisture. This 
determination is, of course, not exact, as there is some oxidation. 
When more accurate determination is desired perform the whole 
operation in an atmosphere of hydrogen. (9) /Uh .—Burn about SO 
grammes of oil in a porcelain dish and conduct the flashing at as low 
a temperature as jiossible. The best oil should contain only a trace 
of ash. An amount as large as 0’2 per cent, would indicate an aduiter- 
ated or boiled oil. Examine the ash for lead, manganese, cobalt, and 
calcium. (10) Dryintj on Glass .—Coat glass plates 3 by 4 inches with 
the oils to be examined, expo,se to air and light, and note when the 
film ceases to be tacky. A good oil should dry to an elastic coherent 
film in three days. Varying conditions of light, temperature, and 
moisture have such an influence on drying tests that for comparison 
of one linseed oil with others all samples must bo run at the same 
time. (11) D'lyinij on Lead Monoxide. —Livuche’s test calls for 
precipitated lead, but litharge gives equally good results. Spread 
about 5 grammes of litharge over the flat botfom of an aluminium 
dish 2'5 inches in diameter and five-eighths of an inch higk/ weigh the 
dish and the litharge; distribute as evenly as possible over the 
litharge 0'5 to 0’7 gramme of the oil, weigh exactly, expose to the 
air and light for 4fl hours, weigh, and calculate the gain in weight to 
percentage based on the original weight of the oil taken. (12) Acid 
Number .—Weigh 10 grammes of oil in a 200 c.c. Erlenmeyer flask, 
add 50 c.c. of neutral alcohol, connect with a reflux air condenser, 
and heat on a steam-bath for half an hour. Bemove from the bath, 
cool, add phenolphthalein, and titrate the free acid with fifth-normal 
sodium hydroxide. Calculate as the acid number (milligrammes of 
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potassium hydroxide to 1 gramme of oil). The acid number varies 
with the a^e of the oil, and should he less than 8, though when the 
oil is refined with sulphuric acid it may show a higher acid nuraher. 
Test tor presence or absence of sulphuric acid. (13) Saponificalitm 
timber. —Weigh about 2 grammes of oil in a 200 o.c. Krlemneyer 
flask, add 30 c.o. of a half-nornftil alcoholic solution of potassium 
hydroxide, connect with a reflux condenser, heat on a sU'am-balh 
for an hour, then titrate with half-normal hydrochloric acid, using 
phenolphthalein as indicator. .Always run two blanks with the 
alcoholic potash. From the difference between the number of cubic 
centimetres of acid required by the blanks and the determinations, 
calculate the saponification number (milligrammes of potassiutn 
hydroxide to 1 gramme of oil). The saponification number should be 
about 190. (14) Unsaponifiable Matter. —As the saponification varies 
somewhat in pure oil, it is sometimes advisable to make a direct 
determination, of unsaponifiable matter. Saponify from 5 to 10 
grammes of oil with , alcoholic potassium hydroxide (200 c.c. of 
a half-normal solution) for an hour on a steam-bath, using a reflux 
condenser. Then remove the condenser and evaporate the alcohol as 
completely as possible ; dissolve the soap in 75 c.c. of water, trans¬ 
fer to a s''paratory funnel, cool, shake out with two portions of 50 
o.c. each of gasoline 88° B., wash the gasoline twice with wati'r, 
evaporate the gasoline, and weigh the unsaponifiable matter. 'I’he 
unsaponifiable matter in raw linseed oil should be below 1'5 per cent.; 
in boiled oil it is somewhat higher, but should be below 2'5 per cent. 
(15) Iodine Number. —Weigh from 0'2 to 0'25 gramme of oil into a 
350 c.c. bottle having a well-ground stopper, dissolve the oil in 10 
c.c. of chloroform and add 30 c.c. of Ilanus’ solution ; let it stand 
with occasional shaking for 1 hour, add 20 c.c. of a 10 per cent, 
solution of potassium iodidte and 150 c.c. of water, and titrate with 
standard sodium thiosulphate, using starch as indicator. Blank 
must be run each time. From the difference between the amounts 
of sodium thiosulphate required by the blank and the determination, 
calculate the iodine number (centigrammes of iodine to J gramme of 
oil). The iodine nundoer of raw liiuseed oil varies from 175 to 193, 
ihough Gilt states that a pure raw oil may give a value as low as IfiO. 
Boiled oil may be vei^ much lower. Make the Hanus' solution by 
lissolviBg 13’2 grammes of iodine in 1000 c.o. of glacial acetic'acid 
which will not reduce chromic acid, afterwards adding 3 c.c. of bromine. 
.16) Basin Oil. —(Liebermann-Storch Test.)—To 20 grammes of oil 
idd 50 o.c. of alcohol, heat on a steam-bath for 15 minutes, cool, 
iecant the alcohol, evaporate to dryness, add 6 c.c. of acetic anhydride, 
warm, cool, draw off the acetic anhydride, and add a drop of sulphuric 
tcid, 1’53 specific gravity. Rosin oil gives a fugitive violet colour. 

Tjie Quantitative Composition of Linseed Oil—The C, H, and 0 
sontent of linseed oil as estimated quantitatively by combustion is 
lot a very important factor, as it does not differ greatly from other 
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vegetable oils. Old and partially dxidised oils contain more 0 and 
therefore less C and H than unoxidised oil. The percentage con.- 
position of linseed oil varies (1) with the method adopted in /jbtain- 
ing the oil from the seed ; (2) extraction ; (3) hot pressing; (4) cold 
pressing. The source of the seed also intervenes. This table shows a 
difference of 2 to 3 per cent, in the*C and 0 content of linseed oil:— 


TABLE SHOWING THE ULTIMATE ORGANIC ANALYSIS OP 
LINSEED OIL. 


Analyst. 

j Cariion. 

. 

11 ytlriigen. 

Oxygen. 

' 

Rc'iitarks. 

SauBsure. 

. i 70-0 

11-4 

12-(1 

— ! 

Sacc 

. ' 7H-1 

10-1) 

11-0 

Cold prossed. i 

Lofort . 

. 1 7.7-a 

10-9 

l.S-2 

Hot „ i 

Clooz 

. 1 77-() 

ll-H 

IM 

_ 1 

Mulder . 

. : 

11-2 

12'0 

f Seed years old. ' j 
(Hot pressed. 1 

Williams. 

7.0-2 

10-7 

14-1 

Raw oil. i 

Bearn 

. ' 76-2 

i 

10-f) 

13-2 

(Extracted by petroleum j 
( ether from Baltic seed.j 


The Average Glycerine Content of Linseed Oil. Fahr ion's Glycer¬ 
ine Test .—The average glycerine content of linseed oil is taken as 
10'4 per cent. This content with the average 95'5 of fatty acids 
(Hehner’s No.) is in excess of 100, the glycerine and fatty acids in 
forming esters lose water. In calculating the analytical results a 
difficulty occurs as the fatty acids found are calculated as anhy¬ 
drides. The mean molecular weight being of a complex nature is 
not accurately known. 

The liespeclive Percentages of Liquid Unsaturated and Solid Satur¬ 
ated Fatty Acids in Linseed Oil. —(o) Solid Fatty Acids.—To solve 
this last problem Mulder made a series of experiments. He first 
extracted the lead salts by ether, decomposed the insoluble lead salts 
and crystallised the solid fatty acids once from alcohol. He thus 
found 6'3 per cent, of solid fatty acids in linseed oil. He thought 
this result too low, so he placed an alcoholic solution of the mixed 
fatty acids repeatedly and for a week in a freezing mixture until no 
further separation occurred. The mixed solid fatty acids so separ¬ 
ated were crystallised once from absolute alcohol. H^thus found 
9'4 per cent, of solid fatty acids, but they were not pure white. 
Mulder designed a third method based on the insolubility in dilute 
alcohol of the magnesium salts of the solid fatty acids, whilst the 
salts of the liquid fatty acids dissolve therein. He therefore dis¬ 
solved the mixed fatty acids in dilute alcohol, added ammonia to the 
solution, and precipitated with an alcoholic solution of magnesium 
acetate. After standing two days they were decomposed by HjSO^. ■ 
He thus found lO S per cent, and not yellow coloured. This result 
was not, however, unquestionable. Fahrion repeated Mulder’s ex- 
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periment with 70 per 'cent, alcohol, and obtained quite a similar re¬ 
sult. But this acid melted at 32° C. (Mulder gave no melting-point, 
but gave an iodine No. of Separation of the saturated from 

the unsaturated acids in the above manner is impracticable. Mulder, 
however, saw in his 10'4 result confirmation of a previous result of 
9’4 per cent, and asserted that hnseed oil contained about 10 per 
cent, of saturated glycerides. Later on, by fractionally crystallising 
the solid fatty acid from alcohol, he obtained equal weights of pal¬ 
mitic and myristic acids, so he reasoned further that linseed oil 
contained 5 per cent, of tripalraitin and 5 per cent, of trimyristin. 
Now it chiefly contains arachidic and stearic acids; the amount of 
the first is very small and that of stearic acid less than 1 per cent. 
It is from Mulder’s assumption that the solid fatty acids of linseed 
oil are described as consisting of ^ of palmitin and | of myristin. 
Fahrion estimated the saturated fatty acids of linseed oil by Warren- 
trapp’s methpd, controlled by other methods: (1) Precipitated the 
neutral alcoholic ether soap solution by alcoholic lead acetate, treating 
the lead salt by nitric acid (Bromeis and Sacc) and extracting the 
resulting product with petroleum ether. (2) Oxidation of the alkaline 
soap solution by potassium permanganate and extraction of the oxy- 
acids by petroleum ether, separation of the solid fatly acids by 
Farnsteiner’s method. 

TABLE SHOWING PERCENTAGE CONTENT OP SOLID FATTY ACIDS 
IN VARIOUS SAMPLES OP LINSEED OIL, THEIR MELTING- 
POINTS IN DEGREES CENTIGRADE, AND THEIR IODINE NUMBER. 


in Solid Fatty 
Acids of Lnweed, 

Melting |wiiit <^0. 

Iodine No. 

per Cent. 



8-1 

53-54 

IOC 

8-2 

53-54 

11*2 

8-0 

53-54 

14-3 

7-9 

52-53 

81« 

8-4 

— 

2l°3 

9 5 

— 

14*8 

10-2 

52-63 

22°6 

8‘6i 

52 

14-1 

9-7 

52 

1-4 

-• 9-9 

53-64 

13 9 


Fahrion concludes from the results given in the table that lin¬ 
seed oil contains, in round numbers, 8 per cent, of saturated acids. 

Lewkowitsch obtained similar results by Warrentrapp's method. 
He first obtained 8'9 per cent, of solid fatty acids, with the iodine 
number of 22‘3, and on again subjecting the acids to the same process, 
7'5 per cent., with the iodine number of 19-2. Later, Fahrion used 
another method, resembling Sacc’s. Instead of the soda soaps, the 
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linseed oil fatty acids were themselves oxidised. The oxidation was 
affected by aid of cotton-wool, and, finally, the oxyacids were not 
converted into salts, but treated with petroleum ether. During the 
j first oxidation a residue of 36'6 per cent, of tatty acids was 
extracted by Warrentrapp's method. Then the unsaponifiable was 
separated. There resulted H-5 pet cent, of tatty acids with the 
iodine number 6'8 and in.p. 53. 

(b) The Percentage of l'’luUl Patty Acids, Oleic Acid .—The fluid 
fatty acids were oxidised after Haxura. The unchanged portion 
was separated by petroleum ether, and again extracted by Warren- 
trapp’s method. Hereby was recovered that portion of the solid 
fatty aciije which, in the first extraction, passed into the ether solu¬ 
tion. It amounted to O’H per cent, of the linseed oil, with iodine 
number 11'7, m.p. 49’5. Under the assumption that both iodine 
numbers, so found, are exclusively due to oleic acid, that reduces the 
percentages 8'5 and 0'8 to 7'9 and 0'7, and the mixed solid fatty acid 
content of linseed oil would then be 8'() per cent. This percentage 
for the linseed oil in question approaches those in the above table 
very closely. Whether the fatty acid content of different linseed oils 
shows greater deviation, further research must elucidate. The con¬ 
tent of linseed oil solid fatty acids may be calculated from the 
outer iodine number (a) and the inner iodine number (b), not ex¬ 
actly, however, as the inner iodine number comes out too low. As 

glycerine absorbs no iodine, it follows that gives the percentage 

content of solid fatty acids in linseed oil, including the unsaponifi¬ 
able, which also absorbs iodine. In a research by Pahrion he found 
the iodine number of the linseed oil 180'9, the Hehner number 95'7. 
Calculation gives the high iodine number of 205'2, leaves 87'7 of 
' fluid fatty acids, therefore 95’7 - 87'7 = 8 per cent, solid fatty acids. 
Walker and Warburton’s figures give 7'3. Those of Tortelli and 
Buggeri are therefore too low. 

Mulder believed he had detected oleic acid, quantitatively; 
the research in question gave repeatedly 10 per cent, of the linseed 
oil, besides the oleic acid. The last research only gave 8 per cent. 
Mulder did not make any separation, he assumed linseed oil to contain 
triolein, therefore, 9'5 per cent, oleic acid. Hazura only found half 
as much. He obtained by the alkaline oxidation of lOfr grammes 
of linoleic acid, 1'2 dioxystearic acid; 6'5 sativic acid; 20'3 of linusie 
and isolinusic acids. From these figures he counted backwards; thus 
the fluid linoleic acid consisted of 5 per cent, of oleic acid, 15 per 
cent, of linoleic acid, and 80 per cent, of linolenic and isolinolenic 
acids. This conclusion is incorrect. Fahrion claims that much of 
the linoleic acid is not quantitatively oxidised. Part of it is not at¬ 
tacked, and much of this unaltered portion consists mainly of oleio 
acid. A very convenient material for extracting unchanged acid. 
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was found by Fahrion in petroleum ether, in which dioxyateario, 
satiric, liijusic, isolinusic, and azilaio acids are completely insoluble. 
In two oxidation experiments, exactly according to IJazura’s method, 
15'4 and 16'4 per cent, of the linoleio acid remained unchanged. 
The iodine number showed 80'3 and 78'2. But the manganese pre¬ 
cipitate was not washed out, so that the above percentages are still 
small. That the residue from the oxidation consists chiefly of oleic 
acid follows at once from the iodine number, oleic acid => 90; 
linoleic acid = 181'0; linolenic acid 270 (i. But the result of a 
second oxidation left dioxysteario acid, and gave 88 per cent, yield. 
Pure oleic acid oxidised in the same way left 05 per cent. From the 
above figures linoleic acid contains, not 5 per cent., but 20 per cent, 
of oleic acid. 

This figure seems to agree with the above oxidation experiments. 
On extraction by Warrentrapp’s method 8’6 per cent, of 8oli<l fatty 
acids was obtained, and 24'1 per cent, liquid fatty acids with the 
iodine number 10.5'8. Therefore, there were oidy traces of lino¬ 
lenic acid, of which 0’8 per cent, was solid fatty acids. The, iodine 
number calculated to 19 per cent, of oleic acid yielded 9’7 per cent, 
of dioxysteario acid, which calculation gives 15 per cent, of oleic 
acid, where pure oleic acid gives 00 per cent. Seventeen per cent, 
of oleic acid may be taken, but the average Is between 15 and 19; 
that leaves, in round numbers, about 70 pur cent, for the linoleio 
and linolenic acids of linseed oil. If 180 be taken as the mean 
iodine number of linseed oil, then the 70 per cent, may bo cal¬ 
culated as 27 per cent, linoleic and 48 per cent, linolenic acid. 
Numerous researches prove that the iodine number of oxidised 
linseed oil is lowered" as far as 172'3. During oxidation 80 0 por 
cent, of linseed oil, with the iodine number 86'7, remains. The 
Hehner number of the original oil is 95 0. The linoleic and linolenic 
acids are lowered to about 59 per cent. The iodine number of the 
altered mixed tatty acids may be calculated as 238'3 ; and this number, 
on further calculation, gives for the 59 per cent. 8G‘4 linolenic acid, 
and 22'6 linoleic acid. In the first extraction (after Warrentrapp) 
there was a loss of 4’0 por cent., of which the smaller portion may be 
taken as linolenic acid, so that it gave 38 per cent, linolenic acid 
and 30 per cent, linqjoic acid. 

WE I'llOXIMATE CHEMICAL COMPOSITION OF LINSEED 
OIL. (FAHKION.) 


Per Out. 

Unsaponifiable.0*5 to 1‘5 

Saturated fatty acidH.6*0 9*0 

Oleic acid.15*0 ,, 20*0 

Linoleic acid.25*0 „ 85*0 

Linolenic acid. 35*0 45*0 

Glycerine 4*0 „ 5*0 
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According to Hazora the above linoleic acid content given 
by Fahrion is too small. He found 80 per cent, qf linoleic 
acid which gave 70 per cent, on the linseed oil. On bromina- 
tion of the linoleic acid he obtained a crystalline hoxabromlinolenic 
acid, with a maximum yield of 40 per cent., whereas he gives 
15 per cent, of linolenic acid in linoleic acid, which gives 15 
per cent, on the linseed oil. Isolinolenic acid must therefore be 
present to about 57 per cent, in linseed oil itself. Hazura states 
that it gives an amorphous hexabromide soluble in ether. On 
their existence depends that of isolinusic acid which is produced 
from it. 

A. KolJet calculated for linseed oil, on the basis of the iodine 
number.of 190, a solid glyceride content of 15 per cent., and a lino- 
lenio ac|d content of 50 to 00. 

All other authorities on oils atop short at 35 to 45 per cent, 
of linolenic acid as the highest, Fokin, by bromination of the mixed 
fatty acids, under various conditions, 22 to 29 per cent, at crystallised 
hexabromide and 22 to 25 per cent, of linolenic acid, but, as Fahrion 
points out, this must be a printer’s or other error, as hexabromlino- 
lenic acid, CijH^^BrjOj, contains 63-3 per cent, bromine, so that the 
above figures only correspond to an 8 to 10 linolenic acid content of 
linseed oil of solid fatty acids. Fokin gives only 5 per cent., and 
explains it on the supposition that linoleic acid is the chief con¬ 
stituent of linseed oil. He sees nothing more in the crystallised 
tetrabromide of m.p. 114° C. than that the linoleic acid of linseed 
oil differs from that of poppy-seed oil, whilst Hazura regards them 
as identical, since both on oxidation leave sativic acid. Lew- 
kowitsch obtained 42 per cent, of a crystallised hexabromide as a 
maximum from the mixed fatty acids of linseed oil, and calculated 
iherefrom that there was 15 per cent, of linolenic acid in linseed oil. 
That this content agrees well with the iodine number is not to be 
liaputed but it seems low. Like Fokin, Lewkowitsch regards 
•inoleio acid as the chief constituent of linseed oil. F. Bedford pre¬ 
pared the crystallised hexabromide from the mixed fatty acids of 
inseed oil with a yield of 41’6 per cent, or 15'27 per cent., calculated 
ts a linoleic acid, or 14-j- per cent, on linseed oil. He used the re- 
iuction method, with nickel as catalyst, as ap analytical process. 
By it| aid he estimated the hydrogen number of substances, calculat- 
ng the hydrogen required for complete reduction, to per* enf. For 
)thylio linolonate obtained by bromination, from the hexabromlino- 
enio acid ester he found the data 1-9482 and 2-0480, theory 1-9737. 
The ethyl-ester from Farnsteiner’s separated linoleic acid, gave 
lydrogen numbers 1-4544 ; 1-4578; 1-4441. Therefore the theoreti- 
«1 hydrogen number of ethyl linoleate comes out 1-3072. So 
»loulated from the above figures the esters investigated had an 
iiverage content of ethyl-linolenate of 21-7, which gave for linsbed 
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oil a linolenic acid content of 15’0. Likewise, the iodine number of 
the-fluid falty acids are given by Erdmann and Bedford in a continua¬ 
tion of Rollet’s work as 203'8, which corresponds with a content of 
24-4 per cent, instead of 21-7. Then the yield of hexabromlinolenic 
, acid is so increased that they correspond to a linolenic acid content 
of the mixed fatty acids of 16 CC ^er cent. Calculated to linseed oil 
this becomes 15-8 per cent. However, Krdmanp and Bedford give 
a content of 20 to 25 per cent, acids, CjjUjdO^, chiefly, but not ex¬ 
clusively consisting of a linolenic acid, yet, during debromination, 
hexabromlinolenic acid splits up into two stereoisomeric linolenic 
acids. Fahrion points out that Bedford found as the iodine number 
of free linolenic acid instead of 273'8, 248’1, and that the iodine 
number 203-8 of the mixed fatty acids is also too low. Lowkowitsch 
found, for the Warrentrapp prepared acids, which still contained 
oleic acid, the iodine number of 209-8. The hydrogen number, how¬ 
ever, correctly estimated, does not give correct results, as by Parn- 
steiner’s method the solid fatty acids are not quantitatively removed 
from the oleic acid. This Fahrion proved experimentally when he 
tested Bedford and Farnsteinor’s linoleic acid by vacuum distillation ; 
4-5 grammes of his acid were treated with 4-5 grammes of KMnO^ 
after Hazura's instructions. During the acidulation of the filtrate, 
the precipitate which settled out was dried first with petroleum 
ether and then extracted with much cold ether. Th<i evaporation 
residue of the petroleum ether extract of the unoxidised portion 
gave, on crystallisation from alcohol, a small amount of solid fat of 
m.p, 54. The evaporation residue of the ether extract likewisi* gave , 
a product that could not be crystallised from alcohol, the oxidation 
product of oleic acid, dfoxystearic acid, m.p. 129. Finally, Bedford 
obtained, during the reduction, a fluid product; again, the fatty 
acids of linseed oil oh heating, oven without oxidation, decreases 
in acidity and their iodine number lowers. Also during the heating 
of linseed oil its hexabromide number is lowered. Is it the a or the 
^-linolenic acid that remains on heating? In either case it would not 
be an isomer but a variety of the same product. The variety must 
be regarded in the nature of things as an altered part of the double 
bond. 

£^ect of Storage Linseed Oil on (1) its Acid Value, (2) Us 
Density, (3) its Befraction .—The storing of linseed oil does not result 
in the fhere’splitting off of glycerine alone. The gravity of a’ 13- 
year-old sample was 0-941 (Lewkowitsoh), which is above normal by 
0-009. A 5-year-old sample had a butyro-refractometer degree of 
, 86-1. Fresh raw oil gave 80 to 81-6° Weger. In a fresh oil with the 
high iodine number of 191-3 and oxygen number of 19-8 the original 
' acid number rose from 1-8 to 2-7, an increase due to the lowering of 
. the iodine number. Spollema kept two samples of the same linseed 
|pil in the dark, one refined by Hj 804 , the other not, in well-corked , 
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flasks. The iodine in No. 1 did not appreciably lower, whilst in 
No. 2 it lowered about 10. 

The painter protects the linseed oil vehicle of his paint from the ‘ 
air by a surface layer of water inside the keg. 

So little does the painter desire that his linseed oil should become 
oxidised during storage, that he shields it, as regards stitf paints, by pro¬ 
tecting them with a layer of water. * Mulder ascribed the change which 
linsiied oil undergoes during storage to a certain amount of the glycer¬ 
ine being decomposed and the remainder locked-up. Stored linseed oil 
becomes partly acid and rancid, but it does not follow, from its oleic 
acid content, that such oil is by any means rancid. Mulder ascribed 
this rancidity to an activity of motion in elTcctive matter, e.g. quite a 
small amount of albumin present in most oils and fats. The precise 
chemical process consists in the splitting-oiT of glycerine with the 
consequent oxidation of the free tatty acid, especially the oleic acid to 
butyric acid. This opinion of rancidity is similar to that held at the 
present time, (ieitel defined rancidity of oils as induced by an 
oxidation process begun by light, with splitting-up of the water trom a 
minimum hut sufficient (piantity. Pure oil or fat shielded completely 
from air and light does t\ot turn rancid. Fats from the tombs of 
Abydos were, examined by Friedel and the glycerides therein found to 
be undecomposed. But the action of antiseptics may have intervened 
to iiroserve the glycerides in their pristine state as well as mere pro¬ 
tection from light. When an oil or fat is mixed with the marc of 
the fruit, i.e. with oil cakes or albuminoids, hydrolysis of the oil 
or fat sets in and the amount of free fatty acids increases. The 
cause is the combined action of water and enzymes. The question 
why linseed oil, notwithstanding its richness in uiisaturated fatty- 
acids, raiioidilies with difficulty, was answered by I. Klemont to the 
effect that here the oxidation produced is so strong that atmospheric 
gases cannot act. Freshly spread out linseed oil often smells of 
oeiiauthylic-aldehyde and octyl-alcohol. 

TorteUi and Peiujami’s Theory of the Changes Supervening in 
Old-tanked Oil .—TorteUi and Pergami assert that, during the 
storage of linseed oil, a sort of molecular absorption occurs, the 
fluid fatty acids playing the chief r6le. Thus, in old linseed oil, a 
portion of the glycerides have a different constitution than when 
fresh. When the free tatty acids are completely removed from old 
oil tfiey dissolve more readily in alcohol than the fatjy acids from 
fresh oil. 

The Deposition of Foots, Mucilage, etc., from Old-tanked Oil .— 
There generally separates from unrefined raw oil, during storage, a 
deposit of variable composition. Suspended matter may be deposited 
completely, dissolved mucilage is never completely deposited by 
storing or tanking. A pale old-tanked English oil still showed 
mucilage on heating after five years (Weger). Now the presence of 
mucilage, which contains the above organised bodies, enzymes,' 





vhich can induce the splitting-np of the oil is, for obvious reasons, 
IS nientioiied elsewhere, far from desirable, 

Klfect of Storage of Linneed Oil {Old-tanked Oil) on tin .Irid 
Wiiinber and Us Iodine- Number.—On this jmint a whole series of 
luthorities declare that the acid number of linseed oil protected from 
lir increases without inducing apy chemical change. Hubl found 
.n a lo-vears-old sample of linseed oil the normal iodine nund)er, 
whilst an oil, which under the action of the oxygen of tlto air 
uad become viscous and rancid, gave low ixisults. Thomson and 
Ballantyne left sampli'S of linseed oil with the iodine number 
173’5, (a) for six months in sunlight hut in a closed flask, (b) with 
iccess of air ; the fii'st {a) fell to 1721), that of the second (b) to 
Lettenmayer and Niederlauder still found in a Dutch linseed 
3 il 19 years old, kept in a com])letely tilled, well-corked flask, the 
odiue number of l.SO'2, whilst in a DO-years-old Dutch linseed oil, 
Df which only a small quantity was contained in a large flask, the 
iodine numheV was 1.56'2 and the acid number I'^O. .Vgain, a 
sample of linseed oil shielded from air and light for three years 
gave iodine number 17-1'0 and acid number I'd ; a Baltic oil Id 
years shielded from air and light the iodine number 175'.S and 
the acid number 7'2. Sherman and Falk found that linseed oil 
kept in quite full flasks and protected from air and light for months 
did not change. 


BoiiiKU Dm. 

Fuiketier'.<< Method of Differentiating Dclioecn (a) Haw aiul (bj 
lioiled Oi/.—Finkener gives a qualitative method for diirerentiating 
between (a) raw linseed oil and (b) boiled linseed oil, in which it is 
shaken with an aqueous solution of lend acetate, glycerine, and am¬ 
monia. With raw oil the aqueous layer is clear, with boiled oil it 
is turbid. The method depends on the presence, in the boiled oil, ol 
free fatty acids, to a greater or less extent, and is rarely used. Ac¬ 
cording to Evers it is most applicable to lead oxide boiled oils. 

Mopurgo’s Method.—Another method by Mopurgo is given. Five 
grammes of the oil to be tested are saponified by alcoholic soda, thi 
alcohol evaporated, tlje soap dissolved in water, and, in the soaj 
solution, common salt is dissolved until no more soap separates. .Thi 
filtrate Its decomposed by acetic acid. With pure raw linseed oi 
no precipitate occurs, but it does with boiled oil. The method doei 
not go further than the qualitative detection of the unsalted out oxy 
i^ids. It cannot be used with cold prepared “boiled ’’ oils, and ii 
only applicable to strongly blown oils, or oils oxidised duriiq 
. boiling. 

■ ' The Water Reaction.—The water reaction may be used for thi 
Iqnalitative testing of boded oil for purity. One c.c. is saponified witl 
jlltlcoholic potash and the soap solution diluted with much water oi 
i-'w VOL. I. 13 
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which dilution it should remain clear. A turbidity points undoubtedly 
to rosin oil or mineral oil—small quantities of rosin oil may escape 
detection. Finally, it must bo remendjored that lead and manganese 
linolealos and rosinates are insolubbs in water, tlun'el'orcs a pure boiled 
oil may give a tmbidity. Tbe U'sl may only bi! applied to boiled 
oil freed from miqal. 

The Hlitrc.h-Mtirawski Jli'actidu for tbe qualitative detection of 
rosin and rosin od is not avadable for boiled linseed oil wbicb may 
give a brown coloration in tbe, absence of rosin, especially wlnm tbe 
boiled oil bas been exjiosed to the air tor a long time. Tbe oxyacids 
respond to tbe above reaction and also to Twitchell’s melhod exactly 
like abietic acid (Grosser). It. Wolff obtained a response to this t<'st 
with rosin-free manganese-boiled oil. On tbe other band, Ijippert 
asserts that the reaction gives undoubted results with linseed eul. It 
ajipears that he useil in bis tests glacial acetic acid insUad of acetic 
anhydride. Fabrion jirofera to remove the metal before testing, or 
better still, to operate after the fatty acids soluble in petroleum ether 
have been siqiarated. 

The, Detectiiiniif Lanir QitanTihex of lidsiii in Ihhled Oil- - Woljfx 
Method.—i'ivi', c.c, of boiled oil, 20 c.c, of alcohol, and 1 c.c. cone. IlCl 
are agitated together. The alcoholic solution is evaporated and the 
residue dissolved in benzene, and this solution agitated with I to 2 c.c. 
of 25 per cent, ammonia. Turbidity indicates rosin but the (ire- 
oipitate is not abundant with ipiantities under 10 per cent. 

Qnantitattre blstmalion of the Melah Present in Polled Oil .— 
In a clear boiled oil containing, e.g, I’b and lln in a soluble form, 
it is best to determine the metals in the ash. Fresenius and 
Schattenfrob agitate tbe ethereal solution of the boiled oil with 
dilute nitric acid, or it it bas been ascertained that only I’b is 
present, direct SII.^ is passed into tbe boiled oil, or tbe latter is itself 
agitated with dilute sulphuric acid. 

The Acid Xitmlicr of lioiled Linseed Oil. —The longer the duration! 
and the higher the temperature of tbe boiling or blowing has been, the 
higher the acid number. With precipitated driers it is not increased. 
With fused driers it is hardly raised, but witli fused rosinate driers, 
many of these contain tree rosin, the rosinate being only partly 
saturated. « 

(Che Saponification Number of Boiled Linseed Od.—The saponi- 
fieation number of linseed oil after boiling is but slightly changed. 
Tbe drier content only lowers it slightly. F’ilsinger gives the range 
180 to 190. Weger gives the saponification numbers of normal boiled 
oil as 180 to 185, provided it is not mixed with rosin oil, or with mineral 
oil, when a saponilicatioii number, under 175, in presence of such 
adulteration occurs. Ulzcr found in five oxidised boiled oils, of which 
three were boiled with PbO and two with MnO.^, saponification num¬ 
bers of 188'1 to 192 0. Mcllhiny in eight samples of boiled fill, all 
lipparently prepared witrf soluble driers, i87'5 to 192’2, whilst Eisen- r 
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stein in the three abovc-mentioneil hoiltHl oils only found IS'2'3 to 
185-2. 

The ludiiie Absoriilioii Xiiniher <>/ Ilvited Oils. -Tho uuline 
number of boiled oils, made from soluble driers, remains as bi”b as in 
raw linseed oil. e.e. .Mcllbiiiy found l.S0-.t to 18;i-d. However, the 
iodine number |1) ordinal v boiliiif;*(2) by blowiii};, and ()i) by (be ad¬ 
dition of mineral oil, is lowered. The lowest raii^e for ))ure boiled 
oil aceordiue to Filsineer is 1(10, Hefelmann and Manii 1(01, lllzer 
145. CbaritsclikolT l.'iO. The iodine niimber of boiled oil does not 
play the ttreat rble that it does during raw-oil examination. In es- 
tiniatiii}' the iodine iiuniber of boiled oils the metals should be pre¬ 
viously removed and liipber mimbeis are then found. 

The lle.rabriiniide Siiinbei of Itoded Oils. The dal.a as to (be 
bexabrnmide iiumbei- of boiled oils oiiplit to tell us wbelbei- (be boiled 
oil was boiled at iv. bipli temiieialme or jirejiared in (be cold. In¬ 
vestigations oii.tbis point have not been made bitberto. The lieiiies 
in the accompanviiif; table were determined by liewliowitscb - 

TAbt.K SHOWINU Fl(irui''.s t-'OH It \\V IdNSEKl) oil,, |>,\I,|-; .\NI) 
ooi'l'.l,!-; lion.ED OII.S, A.N'I) O/.ONISEI) OILS. 



OiTiMty 15'^ C. 

b'llnui No. 

Ilt-Xftbl'Ollildt' N 

Knw liiis(ed "il 

O-ddOH 

IHIM 

2'1-I7 

I'alc boiled oil 


171-0 

20-07 

Double ,, 


17()-() 

! Id-Od 

Ozonised ,, (1.) . 

O-bdiO 

IHO-I 

:m-:i0 

„ (11.). 


171-2 

25-7d 

.. (IIT.). 

. ' * 

in<l-7 

dO-10 


The Oxyijen Absorption Xiimber of Hoileil Linseed Od.. - Tbo 
data as to oxygen absorption in boiled oil examination is scanty, ('old 
prepared or only aliehtly heated boded oils generally I'ive as In'eli ab¬ 
sorptions as the raw- oil. Strongly boiled and strongly blown oils 
show lower numbers, but they cannot be dilTei-entiated by the oxygen 
numbers. All that can be said is that the first takes longer to dry, 
and that the maximum increase eventually is as high as in the case 
of the latter. • 

The Estimation of the Oxyacids in Jloded Oil. —The estimation of 
the oxyacids is undoubtedly established on a sound basis although it 
has as yet come little into use. .-\s already pointed out their amount 
increases during boiling without air blowing, and to a far greater 
extent by blowing, and by storing with access of air. Small amounts 
of oxyacids may be ascribed to rosin or rosinate driers. 

The IJnsaponifiahlc Content of Boiled Oil. —It was formerly Ixi- 
lieved that, during oil boiling, the amount unsaponifiable increased. 
R. 'Williams found in raw linseed oil 0-8 to 1'3, m boiled oils T3 to 2-3 
unsaponifiable. It was soon found, however, that during oil boiling 
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and blowing no considerable increase of unsaponifiable content oc¬ 
curred. Ulzer only found in oxide-boiled oil 0’5 to 0'92 per eent. 
unsaponiliable. Kosin eontains much unsaponifiable, so that in 
rosinate-boiled oils a slight increase of the original unsaponifiable con-. 
tent occurs. 0. Bach found in oxide-boiled oils O to 0'74. In 
rosinate-boiled oils 0-‘J5 to 0’71 ])ep cent. unsai)Oniliable. 

It is agr(3ed to take 2 per cent., as the highest limit of the un- 
_ saponifiable content. With higher contents the iodine number of the 
unsa)ioniliahle is determined. It sinks with pure boiled oil below 70 
to bO per cent., whereas rosin oil, and particularly mineral oil, tends to 
furth(!r decrease, (tonerally less than 2 per cent, is found, and then 
hydrocarbides are present, (i. Kuappe found in a boiled oil 2 to If 
per cent, which was detected by its sm(!ll during the water reaction 
making itself felt. Moreover, tested in the Abel I’ensky apparatus 
at 80 to 1)0° 0. (17f) to 104° F.) an undoubted flash occurred. 11. Wolff 
found the saponification number 1H8'5, tbe butyro-refraction degree 
H7, and the density (I'ffdOS). Drying was normal, the unsa]ioniliable 
was 1'2. However, the boiled oil contained 4 per cent, of light 
benzine driven olT by steam distillation. Finally, " boiled oils" pre¬ 
pared by the aid of liipiid driers contain a certain percentage of tur|is 
lor white spirit, wdiich is best removed by steam distillation. 

The TwilchcH-Wulff Method. —That this method is peculiarly 
adapted for the estimation of rosin in boiled oil has been proved 
without doubt. Now as fused rosinates are tbe driers most generally 
used, the question must be answered: How much rosin, free and 
combined, must a genuine boiled oil contain '! The question has been 
answered by C. Niegeinann who asserts that 5 per cent, roainate 
suffices under all conditions, and that any higher content must be 
regarded as adulteration. As much as 7 per eent. rosin acids, when 
ground with white lead, causes “livering”. According to H. Wolff, 

3 to 4 per cent, suffices and 0 per cent, is too much. But rosin-free 
or combined, i.e. in any shape or form, in the present author’s 
opinion, is an illegal addition to boiled oil. 

Viscosity. —In forming or giving an opinion as to a Ixiiled oil it is 
well to determine its viscosity. 

Separation for Subsequent Estimation of Rosin and Free Fatty 
Acids in Roiled Oil. —Alxnit 10 grammes efi oil are weighed and 
dissolved in 100 c.o. petroleum ether, and the solution, shaken twdee 
with dilute HCl; water is added to wash free from acid, then 50 c.c. , 
neutral alcohol, also phenolphthalein. The whole is titrated withli 
N/10 alkali to neutral; water added to dissolve resulting soap; shaken, 
and set aside. The soap solution is run into another separator, and,^' 
treated with 60 c.c. petroleum ether, shaken, soap solution run off,!S 
and petroleum solution added to first separator. Soap solution i^^l 
returned to second separator and purified by treating with 20 c.cl^ 
^0 per cent, alcohol. The residual lye solution evaporated to dtynes»| 
.is next dissolved in water, agitated in a separating funnel wi^ 
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petroleum ether and dilute HCl; next, washed free of acid. The 
fatty and rflsiu acids are obtained after evaporation of petroleum ether. 
Such residual acids are then available for determination by the usual 
known methods. The liist jietroleum ether solution contains the 
neutral saponifiable, linseed oil, likewise the uusaponiliabb' mineral 
ami rosin oils—all beiiif,' recoverable for examination by evaporation 
of the ether. 

T.tBLE SHOWING CH,tNGE OF t'HEMIO.VL CONSTANTS 
THItOUGH HOILING OP LINSEKD OH.. 
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bistency of caoutchouc. 

lioiled Oil .[dtdtv.ratcd with liosin Oil. Wtijer and Hack'a A’.rprrt- 
menfs.—Rosin oil has an irreeular lower iodine number than rosin. 
Everythin^ connected with rosin oil varies with the sample— 
crude rosin oil and rtdined rosin oil are two dill'erent thinj’S. 
.According to Weger rosin oil gives a loss in two months of l.'i to 
‘if) per cent, in weight. However, taking boiled rosin oil in which 
6 per cent, lead-manganese rosinate was dissolved at 120" oxy¬ 
gen absorption numbers of 19'b to 2.5-7 inner-half wore found in 
5^ to 8,^ days. Hrying proceeded quickly, in to 2.J days. It is 
thus differentiated from boiled linseed oil by the fact that the maxi¬ 
mum in weight takes longer. Weger worked with almost acid-free 
rosin oil. .4cid number 0'9, density 0'98. No iodine number is given. , 
For pure rosin oil h<r found negative numbers, due possibly to re¬ 
fining rectifications and removal of impurities by washing, al^o to 
considerable voldtilisation of secondary products. An experiment of 
0. Bach contradicts this. He heated a gun barrel, which contained 
1 gramme of rosin oil in a seakd tube with excess of oxygen, for 10 
j hours, at 110° C.; 181 c.c. of oxygen were absorbed, which means 
an oxygen number of 25-9. The use of rosin oil has been the subject < 
of many patents, mostly worthless. 

Adulteration of Boiled Linteed Oil with Ifosiit.—With the small 
amofint of rosin in rosinate-driers used in oil-boiling, it is interesting 
',to learn how it affects the drying of the oil. Rosin is not inert, far 
k 
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{ram it. It finds expression in the higher iodine numi)er as the 
linHWid oil iilHOrlis oxygen from the air. Weger proved this directly, 
and indirectly. Jle mixed boiled oil in large i|Uantity with .Vnnirican 
rosin and tested thi; mixtures on glass plaUw. The oxygen mimher 
of the contained rosin did not sink, at the most, below theoxtgen 
nnmher for rosin of H'i! for the perjod of 20 hours heating at TOO’ C .; 
rosin showixl an oxygen nnnd)er of ITT. Finally, an alcoholic rosin 
solution m a crystallising dish was eva|H)raled, lln^ residue lieated for 
an hour at 100 (1., and (a) solution, (/<) evaporation, and {rj heating 
continued live times, 'i h" rosin incri‘ased T'fi m weight, liy further 
heating it lost in weight, owing to the volatilisation ol s"condary oxida¬ 
tion )ii'odiicts. Fain ion left 1 graninie of ground rosin on a watch 
glass with freipient Stirling without loss, at summer temiieraline, lor 
two months, exjiosed to the air. The whole thickness increased ■T2 
jier cent. Hut the antowdation jiroductol rosin has not got the good 
])roperties of hnoxin. Moreover, much rosin in lioiled oils lenders the 
dried oil films tacky; besides it has frei|uently heeiT recorded that 
mixing such boiled oils on the basis of these and similar liguies with 
white lead, or with jiaints containing white lead, causes energetic 
tbickeiiiiig (livering), 

I’lvnliarilii's iii the l>riiin'j e/ Fish Oil .—The drying ca}iacity of 
fish oil w.is tested by Meister on glass plates. Drying starts much 
more rapully than with linseed oil, and is generally coni]ilete in 21 
hours. The oxygen figures give no curve; when added to linseed 
oil the drjing of the latter was not accelerated, .\fter two days the 
increase in weight was accompanied by loss in weight and the nett 
weight remained constant, then regular decrease followed. The 
maximum increase occurs, as with linseed oil, when the oil has just 
dried. The oil skins of walrus, whale, and cod oils are jiecidiar. 
Only in the case of certain lish oils is the oil skin uniformly solid ; in 
all cases such solids are completely soluble in chloroform and ether 
and only withstand atmospheric influences poorly. Driers acceler¬ 
ate drying action, lint the period of dr\ ing or hardening is about twice 
the length of tiine reipiisite for linseed oil. However, the oxygen 
absorption numbers are higber than for pure lish oil. On the basis of 
his experiments, Meister limits the percentage of lish oil in a boiled 
oil to 2') to 40 per cent, of the boiled oil, aiuhrecommends the mix¬ 
ture, to he made at 140° to 100' C. with 5 per cent, of fused lead- 
manganese rosinatc, or 2'0 per cent, of precipitated rosmat-i of 
manganese, being us.id as drier. The boiled oil so remains pale and 
bright, whilst pure fish oil heated alone with driers darkens greatly, 
and deposits foots copiously. 

As examples, Meister gives the oxygen absorption numbers for a 
sardine lish oil (iodine number 183’4), for the boiled oil made from 
it, and for a boiled oil with 75 per cent, linseed oil a,nd 25 per cent, 
fish oil. Parallel with these are shown the figures for a raw linseed 
0 # and the pure boiled oil made from it. 
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Boilrd Oil Adiilleraled with Minnal Oil.--An contrast to rosin 
nnd rosin oil, mineral oils with their low iodine iihsoriitions ahsorh 
no oxyeen from the air. Liiipert found that several samiiles contained 
no ingredients volatile in the air; no oxygen ahsoriition numher was 
■ohlamed. Spealsing generally an addition of mineral oil to hoiled oil 
lowers the oxvgen numher; th#, time of drying may remain the 
same, the time of “ setting ” may even he accelerated. Inppert de¬ 
scribes a motion of the inner half of the lilm ; a sejiaration of the 
mixture occurs and the mineral oil rises to the surface, live per 
cent, of mineral oil can readily he detected hy the linger, as the hoiled 
oil skill remains hehind whilst a juire linseed oil adheres. Lipiiert 
made a series of experiments on petroliferous hoiled oils of which the 
following aie examples; - 

.\CTlON OK MlNlOltvr, Oil. ON Uoll.Kl) OII.S. RKTAKI>.\TiON OK 
HUMNO. 
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,, . ,, \Mtli Ti pon-cnt iiiiiioral oil ' 'M 
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];v;i 

lO’O 

1-7 


A nioi ‘0 cxtouikHl tabic is j'lvcii Ity Ancles, but as it tciaclics no 
nsc'ful lesson it is not reproduced here.' 

In a later pajier Ijipjicrt shows that the depreciation oi l)oib:d oil 
adulterated with niinttral oil is not manifest. Small (jiiantities of the 
latter form on llu' surface of dried imiled oil a line layer ol the boiled 
oil skin which still combines with it and )»artialiy envelojis it. Tlie 
mineral oil is not tacky. Such a him is as ^ood and lustrous as a 
pure boiled oil. But Lipiiert is absolutely wrong in this respect -that 
tht; direct heat of the sun will sweat the mineral oil out in greasy 
streams, the How of which down a vertical coat of paint is most un¬ 
sightly, and that, to^, if the Him is jicrfectly hard and consistent in 
cold weather. Mineral oils liavc their use, hut that is ne.ither in 
paintMior varnish Hlms. On the other hand, the mineral oif does 
not dry, the coat is not tacky Imt very soft. It is neither hoiled 
oil nor paint hut a grease. When, however, a good boiled oil is re- 
-quired for floors which is neither tacky nor cracks, mineral oil added 
to the boiled oil, Lippert claims, prevents such defects. If the layer 
of mineral oil on the boiled oil is hut thin, it is eventually dissolved 

’ The antiior has yet to meet the painter that would use a boiled oil with even 
5 per cent, mineral oil; it w'ould bo continually oozing and sweating out of the 
paint. 
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by the boiled oil and partially enveloped therein, and p uLvaj' uocvA 
to form the new surface. The boiled oil therefore does not dry 
properly, it remains soft and soon becomes unsightly, especially 
■when exposed to the heat of direct sunlight, when the coat of paint 
is covered by tiny eruptions like a miniature lake of asphallum. 
Lippert is in this case of mineral oil in boiled oil quite unintelligible, 
and its addition is so obviously senseless that even to chronicle the 
merits and defects of the mixture is preposterous. 

IMled Oit Foots. —A good boiled oil should be pale. It darkens- 
the more the longer it is heated. The number of dri(ns affects the 
colour, ])articulaily manganese driers; soluble driers give a pale 
colour. During blowing, boiled oil is bleached to a certain extent; 
likewise, during oil-boiling, mucilage is eliminated. good boiled 
oil should be clear and mucilage-free. Small quantities of foots may 
form, but such quickly subside. A percentage of mucilage, it is 
claimed, does not alter the drying capacity of the oil, but those who 
argue so forget it robs the oil of its driers, and not only so, muci¬ 
lage. may start a process of decay when exposed to sunlight of which 
wo know nothing. Pure lead-boiled oil shows a very bulky deposit 
of foots. Pure manganese boiled oil does not. Again the use of 
lead as rosinate forms no foots, so long as the amount of the. latter 
is not too great. According to Lippert lead-boiled oil remains clear, 
with complete exclusion of air. The composition of boiled oil foots 
has not been satisfactorily determined. t;i])pert believes that during 
the boding with lead oxide, lead glycerinates are formed, simul¬ 
taneously with foots. Yet he regards the toots as an oxidation pro¬ 
duct which remains on treatment with air. That may be so to some 
extent, but not necessarily. Kverything points to other sources, 
mucilage, solid fatty acids, insoluble metallic soaps, oxidised fatty 
acids, either tree or combined with metallic oxides. 

The I'olarimeiric Examination of Boiled Linseed Oil. —The be¬ 
haviour of boiled oil under the action of polarised light may be used 
specially for the determination of rosin and rosin oil therein. Fil- 
singer advises that boiled oil can be rendered paler by dilution with 
2 volumes of chloroform and 1 volume of absolute alcohol. Pure 
oxide and linoleate boiled oil only give a minimum deviation, rosinate 
boiled oils give a higher. I’ilsinger found boildll oil containing rosin 
to give a deviation of + 25° up to -f 30°. 

Effect of Blouiuij of Linseed Oil on its Hexabromide Number .— 
But more important than all the above is the discovery of Hehner 
and Mitchell that during the oxidation of linseed oil by blowing its 
hexabromide number decreases. 

The Chemical Chamjes which Supervene Diirimj Storage of Lin¬ 
seed Oil and on Heating Witho-iU Access of Air. —What chemical 
change supervenes duritig the storage of linseed oil is an important,' 
point, complicated by the fact that the same changes in much greater 
idKbses of oil supervene when linseed oil is heaM without access of 
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air and heating without access of air eventually ends in dry distilla¬ 
tion. MuWer proved by his dry distillation experiment, and genera¬ 
tions of printing-ink makers long long before bun, that linseed 01 
when heated gradually thickens and eventually passes into a 
ous mass used as bird-lime. Wo shall see later on that Jonas heated 
this “ bird-lime ” with nitric acid ta render it more solid and glutinous, 
a sort of rubber soluble in aqueous potash lye, also in much turps 
Sacc heated linseed oil in a retort, and a white vapour thickened 
in the neck of the retort with a smell of fish, hater on brown pro¬ 
ducts distil until the oil changes to a resinous rubbery mass. 
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THU TKCIINUIAL I'llKMISTTlY OK I.INSKKH Oil., MANTFACTOUK 
OF I'lilNTINO INK. 

Action of Heat on hinsced Oil. I'arlial l)nj Distillation of Lin¬ 
seed Oil .—MuUItT sul)jceti‘d raw Imsiieil oil to partial dry distillation 
l)y konjiiiiK it in a retort for .‘ili hours at nearly lioiliiif; heat, hut he 
did not allow any trace of carlion to separate. 1 n the first (I liours 
5 (ler cent, of the oil came over wdlh the smell of acroiein, at first in 
fluid drojis and then of a hutter> consistence. In the, second (i hours 
another 5 jier cent, came over as a while, hnttery mass. From that 
lime onwards the quantity of distillate decreased so much that when 
the HI) hours were up almost nothing' further had distilled. The 
distillation residue ceded very little to ether, and left, when viewed 
through a thick layer, a viscous dark-coloured ruhher-hke mass 
which was straw-yellow in thin layers. Mulder termed it arlilicial 
hird-lime. lie suhjected several samjih's to elementary analysis 
with the following' comhustion results:— 

TAHLK SHOWING THF. KLKMHNTAHV ANAhYSIS OP AllTlFICAl, 
BlKH-l.IME. 


i II. ■ I). 

! - ■ i ■ 

Foirad.7llT-7'.Fa U-l-U-.l|8-7-y7 

Calcnlatorl for linoloic iinhyilride, . . 7tl-l2 ! 11-d ^ ■Mi 

,, ,, imolenio ,, . . 80*3 j 10’8 | 8-9 

The rational interpretation of Mulder’s fntetional distillation re- 
■sulti seems to ho to render the polymerisation theory of oil hoiling 
a still-born tlieory, a theory which ought to have heen stifled at hirth. 
Polymerisation, as applied to Mulder’s artificial bird-lime, which is 
linseed oil leas 10 per cent, of something else, is absurd. In a ))oly- 
merised product that 10 per cent, should still remain. What was the 
weight left in the retort of this artificial bird-lime'? The record is 
silent. Mulder’s experimental fractional distillation wants repetition. 
His results served his purpose. They do not serve ours. Inter alia, 
we want to see the destructive, distillation results, not only of lihseed 
^ carried to pitch, hut also of artificial bird-lime itself. 
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Prom the comhustion r<!sults of bird-lime Mulder thought he had 
obtained the aidi\dnde of liuoleio acid, and, as the fonnida (',11; was 
then given to luliher, so he looked uiKin the anhydride of liiiolidc 
acid as an oxidation product ol nihher. In the <listdlate Mulder 
claimed to have found' (1) palmitic acid, ni.p. (id" (2) 

mynstic acid, m.p. dd’ P.; ^d) sehae.ic acid, "''I*' 

12'/'' (h; (4) acrylic acid, and (d) vaiious ' Iluid fatty acids, 
amongst them (0) capric and (7) cajirylic acids, finally hydro- 

carbides, which he did not tiirtlier investigate. Mulder further 

claims from the above distillation d.ita that the whole of the glycerine 
was split olT, that the acrolein was oxidised, that the palmitic and 
myristic acids ])assed over as 
such, that the oleic acid was 
oxidised to sebacic acid, acrylic 
acid, etc., whilst from the liiio- 
leic acid wati'r was sjilit off 
and the acid'remained behind 
in the form of Imoleic anhy¬ 
dride. Tins linoleic aiihvill iile, 
dissoKed 111 ]iotasli and piecipi- 
tated with acids, gave Imoleic 
acid, also a thin fluid oil, leav¬ 
ing, after this treatment, ac- 
■ ordingalso to Mulder, a glutin¬ 
ous, (tlastic, shrivelled mass, 
completely soluble in ether, 
leaving behind on distillation of 
the etlier a resinous substance 
only slightly .soluble in absolute 
alcohol. Mulder explained this 
hehavionr on the assumption 
that the linoleic acid was ■■ poly¬ 
merised” to an acid, 
with double the molecular 
weight. There can now ha no doubt that Mulder's anhydride of 
linoleic acid was not a simple body and probably still contained 
glvceritie. Mulder (ditaincd ijnitc-another result vvhen he heated 
linseed oil to a high temperature in a retort. There first came.over 
(1) a sniall ijuantity of combustible gas; then (2) K'H per cent, of the 
whole mass passed over as a pale watery white fluid with a strong 
odour of acrolein; (8) on standing the distillate became coloured 
and deposited crystals. The su|)posed anhydride of linoleic acid also 
behaved similarly on heating to a high temperature. It also left a 
perceptible amount of a water-white distillate which hncanie coloured 
on standing. Mulder did not examine the latter further but believed 
it to’ consist of hydrocarbides. It may confirm Mulder's assertion 
avhen it is stated that Saltier, on dry distilling linseed oil, produced 



l-’m. 7:1.--Still for llir ilcstnii-t-ivi; ills- 
tillatioii of liii-vO'il oil, (itind with thor- 
moni 'li'r, still head, and ])i})(i Icadin/,; to 
t'ondciiser. 

A -- hudy of htill, H -- stili lioad, C - 
rond<*ii-ier; J)- furnaro f<jr lioatiiig 
s ill. 
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' petroleum hydrocarbidcs, whilst Tilden obtained C,,!!, or + coprene. 
The thick oil, got by boiling linseed oil, without driers, in'oil-boiling 
pots, with lids, and thus shielded from air, was so prepared centuries 
ago, chiefly for use as printing-ink vehicles. Raw linseed oil generally 
contains traces of water, which are evaporated at 1*10 C. (26f> 1'.). 
This temi)erature, formerly knowvn as the boiling-point of linseed 
oil, is still so known to some extent. Hut in the manufacture of 
thickened oils higher temperatures are necessary, and a thermonietor 
is used to measure these instead of the burnt-feather test. The latter 
was dipped into the hot oil to see whether the heat singed or 
shrivelled it, or not. Mulder gives *'110 to 120' G. (590 to (108° h’.), hut 
indicates later that the temperature for thick boiled oil is apjireciahly 
higher. VVeger declares that boiling oil in this way, viz. by 
hiihliling air through it, is not practicable at a lower temperature 
than 3110° G. ((120° 1'’.). However, Livache. gives 250 to 270'’ G. (482 
to 518" K.) as the right heat to use for lithographic pi inting-ink vehicles. 
When the boiling is linished the vapour is set on lire and left to hum 
for a short time. In Great Britain this product is termed “ Burnt 
Oil”. On the Gontinent, thickened oils are known as “ Stand Oil,” 
“Thick Oil,” " Printing Ink,” “Boiled Oil,” “Lithographic Boiled 
Oil”. 

ANAI.YSiS OF THUEK nilCKKNED OILS FROM A I'UINTING-IMK 
FACTORY COMl’RlSlNO THREE DIFFERENT PHASES OF THE 
OH, lion,(NO PROCESS. (FAHRION.) 


Saiiijile. 


A. Thin and fluid 
li. Thick and tacky 

0. „ VISCOUS 


AcbI lothiio Oxya'ulf, 

Nuiulitr Number. per (Viit. 

18*4 0-5 

24*0 77*3 4T 

H2-0 73*<* 7Mi 


Glycerine was of course split off during the oil-boiling, but sample 
0. must still have contained the greater part of its original glycerine. 
Here no sure conclusion can he drawn from the acid and the saponi¬ 
fication numbers; therefore it is not evidence that a portion of the tree 
carboxyl groups have been changed by formation of esters. 1' rom 
the oxyacid content it is evident the air was not rigidly excluded. 
Agam, the absorption of the oxyacids was in no way propartional 
to the decrease in the iodine number. This decrease must, therefore, 
have another cause than oxidation. It is ascribed to ‘ Polymerisa¬ 
tion,” the aggregation of various molecules with one another in the 
place of the double bonds:— 

CH CH Ll-lill 

ii + |l “I I 

CH CH CH-CH 




''torWnmeAfi fliiifstot oK'LiiiifsBKD ott.; H ; W 

'. ' • '' . '' '■ vs 

Confirmation of this hypothesis is supposed to be found in the* 
fact that the above-mentioned products B. and 0, from the same 
thickened oils were different. .\11 were of syrupy consistency, whilst 
B. and C. were tacky, and left long thin strings, a property which dis¬ 
appears in the oxidised oil. But the latter has the property of mix¬ 
ing with water, to form an emylsion, which do“S not occur with 
ixilymerised oils. Bor some time the. term “ polymerisation ” has 
appeared both in trade journals and in textbooks, ami is very evi¬ 
dently grossly and systematically misused by not too well-infornuxl 
writers, who hide a general lack of knowledge by language calculated 
to im))ress, Fabrion complains ; " One (the man in the street) cannot 
tinderstand Bewkowitsch when he writes that th(; chemical changes 
which supervene during the thick boiling of linseed oil are not 
comjiletely understood, and yet classifies them under the term 
‘pol\merised oils’,”. 

Some yt'ars ago, Feeds examined a series of “ jiolynieriseil ” oils 
ot various co'nsistency, I to f). No.fi is a so-called ‘‘hiiriit thin". 
The table shows a continuous rise in the specific gi'avity, the, oxy- 
aciils, and the free fatty acids; first a rapid, then a slower decrease 
in the iodine number. That the saponification number first increases' 
to fall later is due to the foi'ination of volatile fatty acids which, later 
on. arc volatilised at a greater heat. 


PIUS rrsc, -INK veuici.hs. (i.ueds.) 

I 



.. c 

Jlaw linsood oil 

■ . ■ 

(1) Tint 


(2) Thin 

. 0-lioGl 

{H) Middle- . 

. 0-U721 

(4) Strong . 

. 0 9741 

|5) Extra strong . 

. 

(G) Burnt tliin 

. 0-UG75 

Oxidised oil (weak) . 

. 1*03 

„ (strong) 

. 1-05 

Dried linseed oil 

, . ' — 


Z. V ? 

O’ —> i 

2 bt,: 

1 

(Ai 

C 4- 

5 ■% 

S-& 

p » 
.=s 

e! 

T 

j II 

% 2 i 
12 

0-85 

194-8 ' 

_ 

o*:W) 

lfi9*0 i 

1*40 

197-.5 ] 

— 

1*50 

113*2 ! 

1-70 

196*9 

0*62 

2*50 

100*0 : 

I’ll 

197*6 : 

0H5 

4*20 

91*6 ' 

2'l(i 

190*9 . 

0*7!1 

. 6*50 

86*7 

2-01 

188*9 ■ 

(}-91 

7*50 

83*6 

0-93 

196*5 ' 

1*35 

0H5 

92*7 

18-28*4 

221 i 

0*81 

42*82 

68*8 

18*49-28*9 

22 *5 

0*97 

44*19 

53*6 

12*67 

171*5 

0*81 

31*58 

93*9 


The uusaponifiable increases throughout being largest in amount 
in the burnt oil. Hydrocarbides are also produced, but to a very 
small extent. In the case of the mixed fatty acids the specific 
gravity and the iodine number generally run parallel with those ot; 
the glycerides. The great decrease in the iodine numbers of the 
linseed oil fatty acids by the above method of heating requires ex¬ 
planation; the evident shrinking of the mean molecular weight is 
probably due to hydrolytic products. It may bp safely concluded, 
■from the above figures that the changes which occur during oil boiling 
*re not due to retrograde saponification-. “ 
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PRINTINO-IMK VKIIICLES. (LEEDS.) 
Mixuj) K\tty Acins. 


! 

I 




Haw linHot'd oil 

- 

(1) Tint 

. O-lOl 

(li) Thin 

. o-hVJ 

(M) Medium 

. 0 9.00 

(1) Strong . 

. , 0 

(.*)) Kxtrastiimg 

. [ o-on.o 

((>) Jinrnt thin . 

. 

Oxidised oil (weak) 

• 1 -• 

„ (strong) 


Dried linsend nil . 

. ' 



Liiar.-.o: — I iso-s ui.v.s 14.5T1; 
20.5 : l."i ! - - us-:): 

•>i '18 : — ins-s 

24 I -22 1 272'(! Yllfi-s 'J7 7 ' 

2.7-.') 21 t 270-1 -207-7 87-:4 1 

27 I -.1:4 i 2('>'.)-8 207-U !I0-8 , 

2:) ; I'l ^ - - 00-:) ' 

-28 20 : 241-1 212-4 01-2 

-27 I 2.7 j 2I-2-.7 -2:)1-1 liO-C) i 

-20 ' 22 I -208-8 • -208 7 lOO-:) ' 


The Decreased Holuhililij »/' 'Thick Oil and Stand Oil in Alcnliid. - 
II, Anisiil found thick oil iiiid stand oil loss solnlile in alcohol than 
raw oil. The test was made thus- 1 nrainme of oil with 20 c.c. 
alcohol at snnimer t(*ni)ieiatnr() with fi-ei)uent shakiii};; let siand 
24 honrs and then 10 c.c. liltei-ed off, .\ ))ni-e linseed oil in this way 
I'ave 20 per cent, in solution, i-onr samples of thickened oil pave : — 

TAHLE KHONyiNd (<i) SAl'ONlFlC.ATfON NUJtDEIt, (t) IODINE NUM- 
l!Ell, AND (e) SOliUKllATY IN ALCOHOL OF FOUK SAMPLES OF 
TinCKF.NED LINSEED (MI,. 


NmnlKT ttf 

Sapnniticalloii 

(odiiiu 

1 Solubility 111 

Sample. 

Xiniibcr (f/). 

XtimlHT (/#). 

Alfolml ((). 

r. 

195 

9H 

18-5 

n. 

19‘1 

; 104 

! 17°7 

III. 

209 

i ^ 

1 9-2 

IV. 

192 

t 

1 

C°0 

> 


The Increased Ilefractiun of Heated Linseed Oil. —With stand 
oil and thickened oil there is a considerably higher refractio* than 
for raw oil (80 to Bl'o at 25° C.). 

REFRACTION OF STAND OIL AND THICKENED OIL. 

Biilyroiiitftri'- 
Refraction ('25'^ C.). 


Commercial stand oil. 99-.3 

Thickened oil. 22-9 


Tl» refraction increases with the temperature. 







the technical chbmistkt op linseed oil. 20T 

TABLE SHOWING INCUKASED REFRACTION ON HEATED LINSEED 
OIL. (WKOEH.) 

Hutyvouulrii' 

• Ufihu'tiou (‘^5 ' 


F’ajiit Indeed oil. Hl'!3 

,, ,, ♦» hours lioaicd to 150'. , . H2-7 

,, iu litro rtaslc lioat^d to 'JKO ' C.. iinu’ilnKo 

freed. R2'l 

,, .. iji litre (task hoatod ti'dirr iiuu-ilaf^o 

freed. 

,, 40 lumvs lioaterl to 180" to I'.HV’C. . 00*0 

,, ,, 5 minutes to 800’ . . . . I02'8 


Lcwkowitsoh I’ouiul (luniiR boilin;' of linsc'i'd oil tliiit tlio lu'Xii- 
broiiiido value rapidly decreased. 

analytical RESi;r/rs ortainkh by lkwkowitsch in the 
EXAMINATION OF NINE SAAIPLES OF LITHOGRAITIIC INK 
VEIIICLKSi' 



OciiNity 
ill tlO'’ F. 

SajKim- 

llClltlOll 

Vnliif 

Value. 

ItroiiiidfN 

Meliuer 

Viiliu-. 

Oxidised 

Fatty 

Ai'hIh. 

I’li.sa- 

)Muiilia)>U 

Matter. 

Raw linseed oil 0*'.):{CW 


IHO'l 

21-17 




Linseed 

oil 







heated to 000 

“ V. 0-l)851 

— 

170-8 

i H-41 


— 


Thin varnnh 1. 0-‘.Mi7G 

1K9-5 

107-7 

■ 0-17 

!)l-75 

4-17 

1-70 

" 

II. OtHiOl 

198-0 

125-8 

2 00 

Ol-H 

0-84 

0-18 

Medium T. 

. 0''JG03 

191-1 

121-9 

U-‘)5 

1'8-H 

1-4H 

0-57 

If. 

. ’ 0-11708 

190-5 

120-5 

0-0 


1-58 

1-H 

Thick 1. . 

. 1 0-0720 

. 1900 

109-4 

. 0-24 

94-OK 

C-80 

1 -45 

„ If. . 

. • 0-U747 

198-7 

11H5 

0-0 

95-0 

0-80 

0-25 

Burnt 

. 0-imi2 

178-G 

102-09 

0 0 

98-58 

9-12 

1-14 





Iodine 


Itxluie Value tif 





rjKjuid 

Fatty 

At iilh. 




(JlvciTnif 

Acid 

Acttyl 

Value of 




Ohtaiiu'd. 

Value. 

Value. 

Fatly 

A'nh. 

l/ii|nitl 

Snliii 






Acids 

Ael'iH, 

Thin I. . 

. ' 9-71 

G-O'J 

0-5 

, 114-74 

89 81 

181-29 

100-2 

Thick I. . 

9-17/ 

5-12 

1(5-5 

, 118-58 

82-81 

180-4 

100-48 


1 


Bearn analysed a series of printing-ink vehicles, whicli were pre¬ 
pared by heating linseed oil for a longer or shorter period at dOO" 0. 
and then “ burnt 

' Seven commercial samples were purchased and grouped according to their 
apecidc gravity. They gave the above results. The second samples, thin 1. and 
thick I., were still further examined and the fatty acids extracted by Warrentrap’a 
method. 






“'"'TABtE SHOWING' ANALYSIS OP A SERIES OP PRINTING-IKK 
^ VEHICLES. (BEARN.) 


f!laH.s or 

//l.L 

Ki-«e Kalty 
Acids, |HT 
Out. 

lTnsa]>om- 
liable, |)cr 
(Vut. 

Sap ini- 
Hcatioii 
Numltt-r. 

Iodine 

Ntimlier. 

Vory thill slaiifi oil 
Thin ,, „ 

()-91.'i2 

3-19 

0-35 

18C-5 

1.57 

0-9405 

4-43 

0*27 

178-4 

123-2 

Middle „ „ 

0-9574 

5-25 

0-31 

183-8 

115-4 ' 

Thick ' „ 

0-95H9 

0*90 

0-33. 

182-0 

75-1 

Very thick ,, ,, 

0-9070 

10-20 

0-43 

l‘K)-3 

59-0 


Tho chief point in this table is the nnsii,|)oniliahle content. It falls 
slif'htly, to rise af'ain, as iluriiif; the hoiliiif' of the oil a portion of 
the original unsajmniliabhi is destroyed, but no fresh nnsaponifiable 
matter is ((enerated. 'I'ixie.r'.i VVn'on/, --.Another anomalous result 
was obtained by A. Tixier. In his opinion linseed oil when heated 
alone, with exclusion of air, to about liOO" (b (.'572" F.) loses little in 
wei;^'ht, as tho acid number and saponilication number chaiiKO little. 
However, the specilic gravity rises above 1 and the oil solidilies. 
Tixier likens the process to an aldol condensation, tho carboxyl 
groups remaining combined w’ith glycerin, and as oxygen is not 
present, aldehyde groups cannot be produced. Moreover, a rear¬ 
rangement of the hydrogen atoms can hardly occur without a re¬ 
ciprocal neutralisation of the double bonds. Much can be inijigined 
in regard to the inner half of the molecule without " polymerisation ”. 
The increase in gravity and consistency favour a higher molecular 
weight. 

Fokin’s Kxperiments. —He, at one time, heats linseed oil in in- 
dilTercnt, gases, (lOj, NHj, at another time in sealed tubes to 250 
to ;U)0° 0. (482 to 572'’ F.). The greater thickness obtained was traced 
back to “ polymerisation ”. The polymerised glycerides can no longer 
be split up by lipase, and therefore the linolenic acid first polymerised 
may be isolated thus by the splitting process. In the determination 
of the freezing-point in benzol solution the molecular weight was 
found to be 2083, the original gave 0-832.. The iodine number of the 
polymerised oil was about' 141. In another i-e|earoh the linseed oil 
was heated for 50 hours in a sealed tube to 240 to 270° C. The' 
■molecular weight was 1913, the free fatty acids 32-6 per cent.;»iodine 
number 97-5. The lipase treated product was dissolved in petroleum 
ether and boiled 3 to 4 hours with bone char. The evaporated 
residue gave the molecular weight 564. Fokin therefore concludes 
that a depolymerisation of the bonds has occurred with the formation 
of di and monoglycerides. A third polymerisation product had the 
^specific gravity 0-981, the molecular weight 1681, with 12*8 per cent, 
free fatty acids. By boiling the petroleum ether solution with bone 
fehy molecular weight sank to 1239, and on further treatmeilli.| 




Kfth li^s'e to 803-5.‘ In a fourth research the linseed oil was neateo 
under a pressure of 90 to 118 atmospheres for 30 hours at 250 tc 
270° C. In spite of very great thickening the molecular weight onlj 
rose to 932-1. The question has been asked whether the thickening ir 
this case was not due to physical causes. Free lipoleio acid heatec 
in a sealed tube doubled its molecular weight. It will be seen tha' 
the chemical action which occurs during the thickening of linseed oi 
by heat is by no moans perfectly clear. On the technical side th( 
question has been raised whether linseed oil bleached by aulphuii< 
acid should be used for stand oil, as small traces of this acid in th« 
retined oil impart a dark colour to the stand oil made from it. N( 
drier is used in the preparation of printer’s-ink vehicle, as it adhere: 
so strongly to the type that it cannot be removed by hot lye. In thi 
preparation of thick and stand oil, the oxygen of the air should no 
be utilised ; heating in a vacuum is to bo preferred. A. Genthe cover 
the oil with a movable sliding door. Finally, attempts have boei 
made to remove the decomposition products in various ways. Tlv 
chief ingredient of printing-ink vehicles is linseed oil after beini 
boiled in a very special way; sometimes hemp oil is cheaper bu 
worse smelling. A limpid, quick-drying oil, like that o 

•varnish-makinj; got by boiling the oil at a heat below 220 G. (db2 1.), \ 
not wanted, but rather a viscous, partially resinihed, partially decoir 
.,K.sed oil such as is obtained by heating the oil a long way above il 
flash-point, i.e. above 250° C. (522° F.) {vide infra ); such an od leave 

no greasy stain on paper. . , ,, 

Medium for Prinlimj Ink and Lithoijrafhu) larmsh hxjje.rimen 

_Run about 4 ounces of linseed oil into an 8 ounce hard-glaf 

flask Weigh the flask" without and with its contents. I lac 
the flask on a ring (Fletcher’s burner with foot) and heat ver 
cautiously at first, using a low blue flame, then increase the het 
gradually and watch the oil; it may possibly “spawn ’ or “ break 
vowing to the presence of mucilage, but continue heating unti 
'/when at about 550° F. is reached, the oil takes fire at the niout 
:g)f the flask. Note the exact degrees Fah. , Put out the gas thei 
• extinguishing the flame from the linseed oil vapour by covering tr 
ft mouth of the flask with not too large a piece of damp t>ut not w. 
ieloth. Then after the flame has been extinguished, remove the clotl 
^ntinue to heat the oU at 550° F. until it catches fire again ; aggi 
Extinguish, and again reheat until it takes fire once more. 

'^ms out, let the oil cool on the Fletcher ring-burner on foot, and then 
^^fe-weigh the flask and contents and note the loss in weight, i^e- 
li^nt the clear oil from the deposited muoUage. This experiment 
I'Eaches numerous lessons. The most important are: (1) The lesson 
i^nveyed, the loss in weight which is not all due to the burning of 
the oil. (2) The fact that the vapour given off by the decom^si- 
tion' ai the oil is not a will-of-the-wisp even if it burns. 

"%vlt was being given off long before it caught fire, as it affected 
IVOL. I. 
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‘both eyes and nose previous to spontaneous ignition. (4) That it ia 
not the vapour of the actual oil that catches fire but the vapour of 
the products into which the oil is so far resolved by the destructive- 
distillation it undergoes in heating from 60° F. to 500° F. Linseed 
oil so long as it reinain.s linseed oil is not volatile. (.5) That the fact 
that linseed oil when boiled at a high temjjerature gives off an in- 
flaminahlo vapour which takes fire spontaneously irrefutably de¬ 
monstrates.that the polymerisation theory as applied to oil boiling 
is, to say the least of it, unpardonable rank chemical heresy. (6) 
Note that the oil is so viscous that it does not readily flow from the 
flask, hut that is not because the oil is polymerised; it is thiok(med 
partly by oxidation, partly by fractional distillation. (7) Note that it 
does not stain paper, in tact, the operator wilt in all probability 
have made an excellent sample of printitig-mk vehicle, and that too- 
in less than halt an hour ; and if the experimenter he a printer he can 
readily test the tdliciency of his ink by rubbing it up with the rc(|uisite 
amount of lampblack. The printing and lithographic classes in 
technical institutes where the manufacture of painters' oils, coloui-s, 
and varnishes are taught should he so far afliliated that both the 
lithographer and the printer, and apprentices in particular, should he 
taught by actual practic(^ in the Oil and dolour Trade; Laboratory 
how to make their own printing inks—i.e. how to incorporate lamp¬ 
black, vermilion, and other pigments with the samples of printing- 
ink vehicle they make as in the experiment just described. 

The reader, after performing the above experiment and-testing 
his product in every way that may occur to him, will have a far better 
idea of what printing ink and its vehicles are than can he conveyed 
to him by any written description. If it he desired to make a 
larger quantity, then an enamelled iron pot may he used, and it op¬ 
portunity occurs sufficient ink may he made to test it on the printing 
or lithographic machines in a printing and lithographic school. 

Refininij Raw Linseed Oil for Printinij Ink .—In the experiment- 
just described, we saw that the linseed oil " spawned ” or “ broke ” or 
was liable to “ spawn ” or “ break ” . The object of refining is inter 
' alia to eliminate this mucilage or “ slime,” as the Germans call it. 
Old tanked oil of prime quality is used to avoid the too dark 
colour and the not too pleasant smell of ordin..ry raw oil. It should 
be tanked a year or two so that all suspended impurities have com¬ 
pletely separated out. Old tanked oil should be used, but' it must 
still be specially refined by sulphuric acid. One great object of the 
sulphuric acid treatment is to bleach the oil, but unless the refiner be 
a man of experience the colour of that oil will in all probability 
be worse after treatment than it was before, although, as already 
mentioned, it can be got as near water-white as may be. The oil 
is mixed in a-load-Iined vessel with 1 or 2 per cent, of sulphuric acid 
*of about 103“ Tw., specific gravity 1'515, and heated for sbveral 
i hours by means of a steam coil to a temperature of 90° C., takin| 
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care not to go beyond 100" C. The oil is then pumped into anothei'< 
tank to allow of the deposition of oliaiied matter, and is afterwai ds' 
■decanted into a tank containing hot water, with which it is well washial, 
running off tiie wash water and agitating afresh, and so on until all 
trace of acid is removed. The oil is then boiled. As drying oils con¬ 
tain a certain ijuantity of fatty matter (palmitin) which does not ilry 
and causes the printing ink to blot or blur, it has been recommended 
to eliminate it by adding to every 1000 parts of oil 1 or 2 parts of 
fuming nitric acid, which decomposes the palmitin into glycerine and 
palmitic acid, which may thus he precipitated as insoluble pahnitate 
of lead or manganese. This process is an awkward and a dangerous 
one, not adopted to any extent; fuming nitric acid, in conscipienec 
of being easily decomposed, is by itself a dangerous substance; this 
danger is intensified to the highest degree when the acid is mixed 
with organic matter. Dangerous explosions may result and the oil 
take (ire. 

Di'scnption of Oil liodmii-pan in which Liuaeed Od is ''Tiuiled" 
so as to Concert it into a I’rinlin<j-ink Vehicle. If the injection of air 
he not resorted to by adopting one or other of the methods of air¬ 
blowing of oils, a pan capable of being heated over a naked lire must 
be used. In boiling oil by steam it is thickened by oxidation. In boil¬ 
ing over a naked lire it is thickened mainly by dry fractional distilla¬ 
tion. In the latter case the oil is boiled either in a cylindrical copper 
pan, the lower half of which fits into the brickwork of the furnace, 
where it is kept in position by a collar which at the same time acts as 
a gutter to collect any overflow, or in a cast-iron enamelled ])an. The 
pan is handled by an iron hand encircling its top. Attached to the pan 
are strong lugs by which it is rnovcil about safely. The capacity is (iO 
to 85 gallons. But in certain important factories in France, says 
Livacho, the boiling is done in jacketed pans which do not cube less 
than 600 to 700 gallons; but in Dondon that would be a small pan, 
where they boil oil in pans that take 10 tons at a time. In such 
cases a mechanical agitator is kept going during the boiling process, 
which may last two or throe days, and with a 10-ton pan it is generally 
a horizontal helicoidal agitator like the proircllor of a ship. But 
steam boiling must not be mixed up with lire boiling of oil. It has 
a special section to its^. 

The Actual Process of Fire lioilinii of Raw Linseed Oil so as’ to 
Convert h into a Prinlinej-ink Vehicle. —The pan is filled half or at most 
three-quarters, a moderate heat applied so as to eliminate moisture. 
The slight ebullition caused thereby is not to be regarded as the “ boil¬ 
ing ” of the oil, although in former days it probably gave rise to the 
term, it is really the boiling of the water in the oil; when the oil 
‘boils” quietly, i.e. when the water is expelled, the fire is urged .. 
intil volatile, pungent, and disagreeable smelling products are given 
iff. This takes place at a temperature of 250" to 270° C. (482" to 
il8° F.). In certain factories the workman satisfies himself as to 

■v. . ' 



SiiB bemg the case by dipping in'organic matter, such as a feather,^ 
(or instance, which ought to inflame ; or by projecting hue drops or , 
water on to the surface of the oil, which as they fall decompose and'-, 
scintillate, or, in other words, present, in consequence of the absorp-^ 
tion of oxygen by the oil and the inflammation of the hydrogen, the , 
appearance of stars. The fire is-now carefully watched, for the oil 
may froth over or the vapours ignite. The frothing over is ; 

bv adding a little cold oil. The oil becomes bright and more fluid at 
first, but, on being kept at this temperature for 1 or 2 hours a br^n 
red skin forms which is skimmed off as rapidly as possible. Ihe 
temperature is now raised to 310" C. (590"F.), and kept at that for half 
an hour, watching the process with the greatest of care as the spon¬ 
taneously inflammable vapours are very apt to catch fire. A well- 
fitting lid and wet cloths should be always at hand. The fire is et 
die down and the heat lowered to 260“ C. (490 1<.) to ^70 C 
(518” F.) when the pan is taken from the fire, covered with a id and 
cooled. Certain makers, instead of cooling the oil after taking i 
from the furnace, set fire to the vapour it emits, and let it burn for a 
tew minutes, as was done in the experiment previously described.. 
They regard this treatment as indispensable to the production of a 
ood article. Others contend that the same result is got by boiling, 
he oil a little longer, which saves the appreciable loss of oil m- 
urred by burning, and a much paler oil is obtained. ^Vlthout ex- 
■ressingln opinion either way it may be well to point out t^a Ravage 
iras undoubtedly correct, because linseed oil when heated bj a f it heat 
,nd air not blown into it, does not thicken sufficiently uritfl heated 
leyond the temperature at which the vapour pven off by ‘h® 

,il catches fire spontaneously. If the partial dry distillation of the 
inseed oil has not been carried far, one can readily imagine it wUl 
je as well for those vapours to bo burnt off as to fall liack into the 
>il As to the oil darkening by burning, if that be so the d^kening 
i8 so small as to be inappreciable. To heat linseed oil above thh 
temperature at which its vapours catch fire m air, without spontane¬ 
ous fonition, the air would have to be replaced by an inert gas, an^ 
that lould spoil the oil. This attempt to belittle the burning proc^ 
is only another absurd attempt by ultra-grandiose theonsts abs(> 
lutely ignorant bf the rudiments of the subject they pretend to teao| 
in order to prove the rule-of-thumb man wrong. It is not » 

Of whether inflaming the oil is a necessity ; but who and what is K 
■prevent linseed oil from inflaming when its temperature is raised f^ 
•above its flash-point, above that at which it spontaneously i^iteq 
This the author (McIntosh) found it to do at the orifice in a mediun 
narrow necked 6 to 8-ox. flask, an ordinary necked 8-oz. flask « 
tact, when the oil registered a temperature of 525 i _ .J 
"Slnno" rest.— The exact moment when the pan ought to w 
.removed from the fire is determined by the “ string " test. A sm 
. sample of oil is taken from the pan On an irpn spatula, and,j 

'A'l;., ■ 



iLpidly. ‘''- S drop is taken and preyed between the finger and thulhhfe 
which are •then gradually drawn apart as far as possible.- li the oil*;, 
is sufficiently boiled, the thread joining the finger and thumb to- ; 
aether stretches 1 to 2 inches without breaking. ■ 

Properties of Good Printing Ink.—Good printing ink has the , 
requisite body of a pale, bright yellow colour—not deep yellow or 
brown—and is not cloudy from matters in suspension. It is very 
evident that the body of the oil will depend upon the purpose for 
which it is intended. For printing hooks and lithographic work an 
oil having a good body is required, whilst tor newspaper printing a 
soft, almost fluid oil is used, .\ccording to Villon, who made an 
elaborate study of printing ink, live kinds of oil of different body or 

consistency are in the market, viz.: , i i- i 

(1) Extra strong, (2) strong, fd) medium, (4) weak-hodiod 
oils, and (5) drying oil. The strong-bodied oil (2) is used in s»m>nf^ 
for very particular work with the hand press. The medium oi (d) 
is used in ordinary weather. The weak-bodied oil (4) is used in 
winter with the mechanical press, whilst the drying oil (.)) is used to 
prevent the formation of the oily ring around the letters. 

Driers and Extra Strong-bodied Oih—Usually no driers are used, ^ 
because oil boiled with driers would clog the type, and could not be 
removed even when washed with a hot alkaline solution. There is 
sometimes, however, an advantage in using such an oil, and to meet 
this want the oils known as " extra strong ” and “ drying oils are 

"'“Thr-exka strong-bodied " oil is made by boiling with lead salts, 
and the “drying" oil by boiling with an oxide or salt of manganese. 

,S’troJU/-bodied oil (‘l)\huile forte) is prepared by setting fire to the 
oil, letting it burn for five minutes, and stirring seveiul times. Iho 
flames are put out and the oil again set on fire, twice at least, qnd 
' sometimes four times. The cooled oil- strings like treacle. The 
“fatty” oil is made by shortening the burning process, and is inter- 
nediate between the other two. Nowadays a process similar to that 
ised in making ordinary printing ink is adopted. The removal of 
rrease by onions or bread is then effected by nitric acid, as previously 
ndicated, or by magnesia. This latter, which is extensively used in 
England, consists in-*adding 2 per cent, of magnesia, boiling for 
an hour, and decanting. The oil is then run into a Pf" f 

holding 42 gallons, and gradually heated to 182 0. (327 6 t.), 
3 hours being occupied in attaining this point. About lb. of finely 
ground bichromate of potash is then added, and 
raised to 300” C. (572° F.), stopping the frothing of the oil by adding 
(t little cold oil, then it is kept for half an hour at a temperature 
Wweto 316” and 320” C. (599” to 608” F.), after H lb. of Pi-ussian 
Xe have been slowly added. “ Strong-bodi^ oil is thus obtained^ 
interkediate between the otherj^o. To make fatty oib the ^ 
l&y heated for 6 minutes to 3(X)” to 305” C. (572 to 581 F.). Witl 
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“pale” oil the heat does not rise alwve 275° C. (527° P.), which is 
• maintained a quarter to half an hour according to the objest in view. 

In rofdrenco to certain so-called " rule-of-thumb ” practices in 
connection with this process, it is necessary to point out that the 
badly informed theorist is unaware that the onion contains sulphur 
in organic combination, in such combination in fact that it readily 
yields itself to the partial vulcanisation of the oil, and contributes 
to the drying, thus acting beneficially on oils intended for certain 
purposes, more especially for printing ink. Nor is there any reason 
why bread should not accumulate palmitin in its pores. Why should 
not bread act in much the same way as a “ hygroscopic ” sub¬ 
stance to pabnitin, the most viscous of the ingredients of linseed oil? 
Those who in season and out of season would air their su])erior 
knowledge should take care that they are not the persons whose 
lack of true sciimtilic knowledge is most palpably in evidence. 

The highly coiiqjlex organic sulphur compounds elaborated in the 
onion act chemically on the oil to form sulphur cohipounds; they 
partially vulcanise it just as litharge is reduced to metallic lead and 
parts with its oxygen to the oil. In like manner the “ drying 
oil'' is obtained by heating for 15 hours at 275" G. oil to which 
0'05 per cent, of the hydrated oxide of manganese has been added, 
or by boiling oil for 24 hours at 1100" C. (572° P.), with Oo 
per cent, of black oxide of manganese. If borate of manganese be 
used 4 11). of this salt are beaten up with 25 lb. of linseed oil, and 
the homogeneous mixture run into 200 lb. of linseed oil, and the whole 
heated for .J hour at 250" G. (482° F.), or I hour at 310° C. (000° P.). 
This should give a 2 per cent, solution of borate of manganese in 
the bulk of the oil. Some manufacturers are said to add 2,4 per cent, 
of oxalate of manganese (MnC.p^HjO) whilst applying heat for 
3 hours at 150° G. (302° P.) to 100° C. (320° P.)—but that is far too low 
a heat to dissolve that drier—or simply add a manganese soap 
dissolved in coal-tar naphtha petroleum ether, turps or white spirit. 
Turps is a better solvent for linoleates and rosinates than white 
spirit. 

Use of Bosin .—Black rosin is an important article in the com¬ 
position of good ink; as by melting it in the oil, when that ingredient 
is sufTioicntly boiled and burnt,* the two combine, and form a com¬ 
pound approximating to a natural balsam, like that of Canada, w hioh 
is itself one of the best varnishes that can be used for printing ink. 
When great body is required without having recourse to prolonged 
boiling, rosin is added. Bosin is, in fact, extensively used in the 
making of printing ink. With ordinary black ink, common rosin is 
used, but for fine, coloured inks, pale American rosin is employed. 

' Note theiie words, because they inculcate a principle which is this, that 
rosin whoa heated to a certain temperature, that is, subjected more or less,to dry 
^stillation for a certain time, ceases to be rosin and is changed to a new body, 
'altogether more fit for the duties it is called on to perform. 
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The rosin is melted, filtered to eliminate rubbish, and added to the 
.oil during.cooking or boiling. When very high-class inks are re¬ 
quired for jobs to be executed in an especially neat and delicate 
manner, balsam of Peru, Canada balsam, or copaiba balsam are used 
instead of rosin. 

Copaiba balsam is said to produce a good extemporaneous ink 
when mixed with the proper quantity of soap and pigment. 

Balsam of capiri, mixed by a stone and a niuller, with a due pro¬ 
portion of soap and piginent, forms an extemporaneous ink, which 
the printer may employ very advantageously wlien lu^ wishes to 
execute a job in a peculiarly neat manner. Canada balsam does not 
answer quite so well. 

Soap .—This is a most important ingredient in printers' ink, which 
is not even mentioned in any of the recipes prior to that in the 
“ Kncyclopmdia Britannica For want of soap, ink accumulates upon 
the face of the typos, so completely as to clog them up after com¬ 
paratively few impressions have been taken ; it will not wash oil' 
without alkaline lye and it sKitis over very soon in the pot. A certain 
quantity of hard soap is added to the oil during boiling, which imparts 
suppleness, but its principal object is really to facilitate the cleans¬ 
ing of the type, enabling this to he done with a brush. The soap 
ought to be perfectly dry, that is, to have been left for a long time in 
thin slices at 100° C. (212’ F.), until it ceases to lose weight. 
Ordinary yellow rosin soap is used for common black ink, but for 
fine iitks, for light and delicate shades of colour, white curd soap is 
used. Too largo a proportion of soap retards drying and gives rise 
to irregular printing. The printing-ink maker should only use as 
much soap and no more as will cause the ink to work clean and 
without clogging the type. The following arc a few examples with 
quantities:— 



IJtfsl. 

Mi'diiiiii. 

Oniumrv 


lb. 

lb. 

lb. ' 

Boiled oil ... 

. 100 

100 

100 

Rosin .... 

. 25 

60 

75 

Soap .... 

4 

(i 

8 

Drying oil . . . 

6 

■J 

12 


For ordinary, suqh as newspajjer, work great economy is neces¬ 
sary, hence in place of boiled oil there has been used a mixture of 
raw oH and thickened turpentine : the quantity of rosin is increased 
and the requisite fluidity obtained by the addition of rosin oil. 

The proportions given by Andis are as follows, according to the 
amount of body required :— 


Haw iinseed oil . 
Bosid oil . 

Roeia 

„ (i.c. yellow) soap 

Thickened turpentine 


lb. 

lb. 

lb. 

UO 

110 

00 

240 

240 

240 

210 

210 

210 


6 5 5 








|"^i0ommon *lnks*kre^ma3e Very cheaply by replacing linseed oil by^ 
rosin oil, for which purpose the following recipes have been given:— 

lb. lb. 


Bosin oil 
Rosin 
„ soap . 
Ordinary soap 


1000 1000 

400 780 

100 780 

100 180 


GOYNBAU’S PRINTING INK. 



1 

i lb. 

lb. 

lb. 

LinHeod oil 

. ; 979 

400 

980 

Litharge . 

. ; 125 

60 

122 


. . i 735 

380 

980 

j Hyrup 

■ 1 245 

980 

‘J58 


Method of Addini/ Bnsin aiul Soap to the Burnt Oil and Snbsi 
mt Beheatinij of the. Latter.-Mtev the' smoke begihs to rise from 
e boiling oil, a bit of burning paper stuck in the cleft end of a 
ig stick should be applied to the surface, to set it on fire, as 
soon as the vapour will burn ; and the flame should be allowed to 
continue (the pot being meanwhile removed from over the fire, or 
the fire taken from under the pot), till a sample of the varnish, cooled 
upon a palette-knife, draws out into strings of about ^ inch long 
between the fingers. To 6 quarts of linseed oil thus treated 6 lb. 
of rosin should lie gi-adually added, as soon as the troth of the^bulh- 
tion has subsided. Whenever the rosin is dissolved, 1| lb. of dry 
'brown soap, of the best quality, cut into slices, is to be introduced 
cautiously, for its water of combination causes a violent intumescence. 

’ oth the rosin and. soap should be well stirred with the spatula, 
be pot is to be now set upon the fire, in order to complete the com- 

natiob of all the constituents. 

Put next of well-ground indigo and Prussian blue, each ^ oz., 
.to an earthen pan, sufficiently large to hold all the ink, along '''ith 
lb. of the best mineral lamp-black, and 3^ lb. of good vegetable 
,mp-blaok; then add the warm varnish by slow degrees, carefully 
lirring, to produce a perfect incorporation of all the ingredients, 
his mixture is next to be subjected to a miH» or slab and muller, 
11 ij be formed into a smooth uniform paste. 

One lb. of a superfine printing ink maybe made by the foAowing 
soipo of Mr! Savage: Balsam of capivi, 9 oz.; lamp-black, 3 oz.; 
idigo and Prussian blue, together, p. aiq. li oz.; Indian red, i oz.; 
arpentine (yellow) soap, dry, 3 oz. This mixture is to be ground 
.pon a slab, with a muller, to an impalpable smoothness. The 
agments used for coloured printing inks are—carmine, lakes, ver- 
nilion, red lead. Indian red, Venetian red, chrome yellow, chrome 
^ or orange, burnt terra gall-stone,^Soman ochre, 

Ifere, verdigris, blues and yellows mixed for gr^ns, indigo, Prussifg 






^ine','^ntwltpliiue, lustre, umber, sepia, browns mixed with Veneiia^ 

red, etc. • . ,, i • * 

Indigo alone, or with an equal weight of Prussian blue, addeu ii^ 
.small proportion, takes off the brown tone of certain lamp-black inks. 
Mr. Savage recommends a little Indian red to bo ground in with the 
indigo and Prussian blue, to give a rich tone to the black ink. 

The following tables give various kinds of printing-ink vehicles 
which find employment in this branch of industry:— 

PUINTING-INK VKUICLES. 




II. 


lb. 

lb. 

1. Venice turpentine . 

GO 

9 

4 

2. Olein. 

30 

4 

3. h^oft soap. 

80 

10 

A 

4. Lamp-black . . • • 

CO 

4 

or more 

5. Prussian blue . . • | 

40 

— 

6. Oleic acid.. 

20 

__ 

7. Water.' 

20 



Mix 1 2 and 3 with aid of heat. Stir in 4 after sifting finely, then 
incorporate With I. the solution of 5, 6, 7. The 40 'b. of Prussian 
blue may be replaced by 20 of indigo carmine first rubbed up with 
water.’ It is claimed for II. that it can be removed from old printed 
oaper and renders printers’ lye unnecessary. 


PRINTING-INK VEHICLES. 









' ' the MAitUI'ACT'HBE OE VABNISHBS.’ 


iloBin 
,, oil . 
Boiled oil 
Bosiii soap 
Thin-boiled oil. 


PRINTING-INK VEHICLES. 



Medium. 

• j 

Thick. 

i ■ .. 

11). 

lb. 

lb. 

25-75 

25-50 

25-75 

50 

50 

50 

50 

50 

50 

B.7 

B.7 

1 B^7 

7-12 

4-0 

! 


I Meiliulu, 

Tbiti, witli 

Willi Boih'd Oil. ; Boiled 
Oil. 


Thick. 

with Boiled Oil. 


I Kosin oil . 

I Boiled oil . 

! Rosin soap 
I Boiled oil. 

I liinaeod oil hoatod to 
I BO" 0. . 


u>. 

' 

11). 

lb. 

lb. 

Up. Up. : Up. 

_ r- 

11). ,11). 

11). 

Up. H). ll..| 

50 

25 

50 

50 

50 

75 

125 

1 ’ ___ 

250IBH1; 2.50 

125 

m 

i» 

— 50i 
250 H5 50 

.50 

B 

50 

5 

500 

1 

1 

.70(1 (KK) 

500 

,500 IB 50! 

5 

7 

15 

.')0| 77j .70 

1.7 

B5 

1.7 

B5 — ; B 

7 

0 

12 

__ 

— i —' — 


— 




- 


- 

-!10 

20 

4r 

:i5 

fio'- 


lb. 
50 
50 
75 
I 7 


Rosin 
Boiled oil 
Rosin soap . 
Woak-boiled oil 


1 

Thill. 


Medium. 


J'hick. 

_ 



— 


— 

— 

• 

i 11). 

lb. 

11). 

11). 

lb. 

lb. 

lb. 

Up. lb. 


25 

2.7 

50 

50 

50 

77 

77 77 

' 100 

100 

100 

100 

100 

100 

100 

100 , 100 

3 

B 

B 

10 

10 

10 

7 

7 ' 7 

•i ' 

1 

4 

— 

9 

() 


12 

0 1 — 


Rosin oil . . 

iiaw linseed oil 
Rosin soap 
Thick turpentine 


Rusiu 
Botled oil . 



; Thill. 1 

Medium. 

Thick. 


lb. 

lb. 

11). 1 

lb. ; 

1 

. 90 ; 

95 1 

240 

80 

240 i 


. ! 84 ! 

_ 

210 

— . 

210 1 


2 i 

7 

5 

70 

5 1 


] ' 2 ' 

_ 


— 

^! 



100 


100 

— 


! 52 

35 

1000 

3500 

87 

1 

1 

_ 


— 

1 _ 



11 ). 

BO 


100 

25 


PRATT’S ORIGINAL ROSIN OIL PRINTING-INK VEHICLE. 



lb. 

111. 

_ 

Rosin oil ... - 

Rosin. 

Yellow so&p .... 

20 

8 

2 - 

50 

89 

9 
















TKB raCHNICiL CHSMIS^RY OF LiNSEfiD' Olti. 
PRINTERS’ INKS FOR VARIOUS PURTOSES. 


Use. 


Vehiole 
J>amp-l)lack 
Prussian blue 
Indigo 
Chinese blue 


Rotary Maoliiniw. 


I Ntfws- 
I jkaper. 


Book. 


lb. lb. lb. lb. lb. lb. ' lb. lb. i lb. lb. ; 

_ « . ... f... r« c« , 7o 7n I 77 71) 80 


70 7*2 72 72 
■ 28 28 28 2C 


4 1 78 ; 70 I 77 ^ 7U 80 
2 (> 22 21 ! 28 21 j 20 


219 


I ’ 


JlluHlration. 


lb. ' lb. lb. 
78 I 78 : 78 
20 ! 10 P> 
2 2 ' 1 
i ' 


('i)umion Rotary 

Bhi’k. i Holt. 

Jobluug. ^ 

' lb. lb. 

, U). : 

i Paraffin Oil . • ’ 

: Uosin . . . 1.^ : li; 

Tiainp-black . ■ K'’ 

Dannnar ... . 

26 

16 

46 

Rosin of dilTerent grades may he used, or Burgundy pilch. aia hi 

oil may be replaced by rosin ; the proportion of lamp-black >» adjus ed 
.vccordin-ly. Other pigments in suitable proportion may he substituted 


tor lamp-black. 


orNTHEU'S PltlNTlNO INK. 


Heavy tar oil. 

I’ltch or a.spliaUuin 
Itosin pitch soap . . • • 

Fish oil . . ‘ ' 1 ' 

Spirit soluble aniline dye m powder 


lb 

ib. 

4.5 

28 

40 

40 

12 

24 

.6.8 , 

— 

8-15 

8 


The heavy tar oil is lirst acted on by chlorine at 212’ 1'- o'" >' 
heated with nitric acid to deodorise it. The oil is then boiled wit 
5 to 10 per cent, of chloride of copper, heated to remove freehold 
and then dissolved in warm water or stirred into the oil to «>ve th- 
oil a brownish-black colour, and thus reduce the aniline dye to ; 
minimum-i per cent, is then sufficient. The oil thus treated ca, 
be used as a stamping ink for post-office work withou a°y addition 
Blue-black Ink.-k little indigo blue is also added to ‘he hot a 
to impart lustre, or 1 per cent, of Prussian blue may be added as th 
-oil commences to boil, which, as it dissolves, yields a beautiful blur 

.black and imparts drying properties. 

Generally in the actual manufacture of the ink, the boiled oil 










Kaeraftly&l with the simple addition of rosm and soap alone; 
ntil the mass becomes tranquil and homogeneous; the-colour is 
len added and ground in the mill until perfectly cold. Another 
rocess consists in melting the rosin until destructive distilWion 
ommences, then to add soap in slices, afterwards the boded oil. H^t 
mow applied more strongly, so as to increase the fluidity of the 
lass, then the colour is added, and the whole run into a receiver 
rom whence it passes to the mill while still hot. The natuie and 
he quantity of the colouring matter depend upon the consistency ot 
he oil and the object in view, but heavy, dense mineral colours 
hould, as far as possible, be excluded, using in preference fine 
solours, free from coarse particles, which give a more homogeneous 

'’"'^pSng ink ought to satisfy several tests, (a) It ought to be 
perfectly homogeneous, for the least 

(grit, eti) will cause a blot in the printing; (b) it should not altei 
when exposed to the air in bulk for a long time, but when spread in 
a thin layer it should dry very quickly, without however, commenc 
ing to do so on the type, from which it should be easily 
washing; (c) the colour of dry printing ink shou d be rich an 
brilliant; (d) it should not penetrate the paper too deep y but dee] 
enough to prevent it being detached from the surface ; (e) final j^ . 
ought to have no bad smell. The proportions of different ^bstance 
entering into the composition of printing ink vary much. They ma) 
however, be reduced to three types: 

De Luxe lUmtrations, Ink for ;— 


Thin oil . 

Thick oil . 
Lamp-black 
Prussian blue . 
Rosin (yellow) soap 


lb. 

1000 

250 

600 

60 

25 


Prussian blue is first added to thin oil in a P® 

Mechanical agitator, and heated to 100° C. (212 F.) by a stea 
jacket. The heat is raised to 160° C. (302° F.), and the rosin so 
is mixed with continual stirring. It is only.when 
that.the black is introduced into the mixture, then thick o 
The whole is then pasted through rollers. Small quantities may 
ground in a mortar worked by power. [By using caAon gas-bla 
instead of "lamp "-black a superior ]et black is obtainedj 

Black Ink for Engraving Pitrposes.-Villon s researches resul 

in his selection of the following formula as yielding a very black ink 
for engraving purposes, without reddish reflex, and of irreproachab« 
iLpo^ition, which keeps well, and each of the ingmdients of whicl 
Pays an important part:— 










HuUt^claire (pile limpid oii) 
„ forte (strong-bodied oii) 
Camauba wax . 

Parallin .... 
Yeilow soap (rosin) . 

Paris violet 
Prussian blue . 

Cork black . . ^ . 

Blood black 
Winelees black . 

Ivory black 


it; 


1000 

200 

25 

35 


25 

05 

40 

100 

50 

200 

150 


Numerous other substances are also used to impart consistency ^ 
•and unotuosity, such as Canada balsam, ozokerit, asphaltum, stearic 
acid. It is for each manufacturer to select those materials best 
adapted tor tbe object in view. The retention of the copper lustre 
■of Prussian blue in the matter printed from an ink made from that 
pigment is a subject which has interested and engaged the attention, 
•of not a few. Some claim to have succeeded by the use of lard, etc. '; 
But the copper bronze reflex of modern printed matter is undoubtedly - 
due to nigrosine black and aniline blues. With the use of these 
the difticulty is not in retaining the bronze, it is in eliminating it. . 

In copper-plate and steel-plate engraving {taille dtiuce) an en-1 
graved plate of copper or steel, the engraving being hollow, is covered'^ 
by an ink with a prepared oil vehicle, then energetically cleansed, so 
as to leave only the ink in the hollows of the engraving. A. sheet , 
of moist paper is then pressed strongly against the surface of the^ 
plate, so as to force the paper into the hollows and there become 
inked. That is the principle of steel and copper-plate engraving.. 
The ink is similar to tjiat used in ordinary printing ink, but it musfe 
.not be too viscous. It must be readily detached from the delicatal 
touches, finisses, of the engraving. Lamp-black is, therefore, replaced') 
■ by special blacks, vine black, Frankfort black, which yield less ad-^ 
herent mixtures with boiled oil. 

Villon's Ink for Steel EnijmcimiH.—lho vehicle for this ink, accordri 
ing to Villon, who made a special study of ink for steel engravings, is' 
prepared like ordinary printing-ink vehicle, the only difference being; 
that it is boiled a littJfe longer. Old tanked linseed oil, i.e. well-aged^ 
>• 011 , is the oil employed, or, better still, walnut oil; but this latter oii) 
is never used alone, a little linseed oil, varying from 12 to 50; 
' per cent., according to the quality of ink desired, being alway8| 
added to give it more viscosity. The boiling process, although att, 
old one, is that still used. It consists in heating 5'gallons of oil in ^ 
pot until it takes fire or gives off white vapours which are set on fire^ 
f it is left to burn fot 5 minutes, taken off the fire, and placed on 
^'furnace filled with hot ashes, where it is let burn a few minutA 
f longer. A piece of stale bread, held by a pair of pliers, is dipp^ 

Eftwr.., ru.. nU iinfil if pAg/iana ixnfhnnt however, eharrinv. it is renlaejvll 












by a second slice, and that by a third—the bread is sometimes replaced 
by peeled onions. 

Vehicle for IJc Litre Prinlimj and Finely ground 

pigments are used for dr, luxe illustrations and de luxe printing; the 
vehicles used are thick linseed oil, strongly boiled (double boiled) lin¬ 
seed oil, with the addition of copaiba balsam, Venice turpentine, 
dammar varnish, copal vartiish, amber varnish, lirpiid driers, etc. 
Recipes for the making of preparations for the above purpose, intended 
to give a lustre which linseed oil alone cannot giv(!, are 

I. 


Dammar varnish . 


lb. 

. (iO 

Venetian turpontine . 

. 

. 30 

Danada lialsam . 


. 15 

Copal varnish 


. 8 

Bergamot oil 


. 8 


lu 

III. 


111. 

lb. 

Copaiha balsam 

.24 

17 

8 

Linseed oil . 

.17 

Honiu .... 

.37 

23 

Aniydaloid bon/oln 

.1 

O-GO 

Balsam of Tolu . 

.0-G4 

0-4 


The Printers’ Ink Vehicle fur Cold Printimj is a very tacky one, 
which is used as an undercoating when gold bronze is applied. To 
70 parts of such an undercoat, 30 parts of flesh-coloured ochre are 
added, and 50 parts medium thick varnish, and 20 parts Canada 
balsam. R. Hallmeyer used 4 parts medium strong vehicle, 2 parts 
of wax, and 1 part Venetian turpentine. Finely ground raw sienna, 

■ free from the least trace of grit, is added when undercoats tor bronze 
i printing are being used. The addition of wax greatly increases the 
adhesion of the ink, and it is advisable to make sure that wax has 
been added. A vehicle tor bronze gold printing was patented by 
Hinzelman. He used 5 lb. zinc white, ground in 22 lb, linseed oil, 
then he added to the mixture of the two, 22 lb, of gold bronze printing- 
ink vehicle, 3 lb. of Venetian turpentine, 3 lb. of wax, and 2.^ lb. as- 


phaltura, and then heated the mixture until of the right consistency. 

Printimj (hid Bronze on Silk.—Tho silk'is impregnated with 
a thin solution of water-glass. A small quantity of raw sienna is 
rubbed up with No. 3 vehicle, and then added to a composition 
vehicle of 10 parts of wax, 10 parts of Venetian turpentine, 25 parts 
of varnish, vehicle No. 2, and 5 parts boiled linseed oil. 

For Brilliant Printimj and also for Printimj by Vmtimj on Wool. 

_A composition is made of a solution of rosin, boiled oil, liquid 

drier, copal varnish, and Venice turpentine. 

Lustrous Printing J»i.—This effect is due to the pigment as a 
whole or in part, shining through the vehicle which exhibits a lusthous 
ooatine. The lustre can only be produced by the first printing, and 
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thlen only on strongly satined and well-sized paper, otherwise 
the upper surface of the printed varnish layer will sink. A more 
decided lustre may be obtained by the addition of certain ingredients- 
to the vehicle. Now such an addition is more or loss to he, feaied, 
as some of the fatty lustrous ingredients do not adhere to pigments 
very well. 

liecipe for Lustrotis Vehicle. —(1) 2 parts mastic, 2 parts sandarac, 
2 parts thick varnish vehicle are melted, and when cold 2 jiarta 
Venice turpentine and H parts liquid drier are ad<led. 

(2) 1 part dammar varnish, 1 part drier, 1 part thick oil are 
heated with 10 per cent, of mastic and dduti'd with thin vehicle. 

N.Ti .—Copal oil varnish is made from fused hard co))al, also from- 
soft copal, then the fused resins are added to a small portion of linseed 
oil, previously heated, tf lumps are formed after each addition, the 
mass is stirred and no thinner added until complete solution is 
elfeoted. Zohmann gives the following instructions for making such 
a varnish ; (i Ih. fused copal, 14 parts raw linseed oil or boiled linseed 
oil, 8 parts turps. But see vol. iii. 

.At the present day, especially for book-printing and lithograidiy,., 
lakes from coal-tar colours an; (juitc indispensable. 



CHAPTER XL 


THE TECHNICAL CHEMISTRY OP LINSEED OIL AND THE MANU- 
- PACTDRE OP BLOWN OILS AND LINOLEUM. 

It has been seen that when linseed oil is stored with complete 
exclusion of air no chemical change occurs further than a slight 
increase in the acid number, but when linseed oil is heated with ex- 
viclusion 'of air, besides a marked increase in the acidity of the oil, 
• there is a decided increase in the specific gravity, whilst, on the other 
hand, the iodine number is correspondingly lowered. It is well 
known that the great oxidation which linseed oil undergoes during 
storage with access of air is due to the absorption of oxygen and that 
; this autoxidation which occurs between the oil and the air is slow, 
but is accelerated by heat. The.changes in the organoleptic and phy¬ 
sical properties of the oil are very similar to those induced by heating 
oil with exclusion of air. The body, consistence, or viscosity of the 
oil is increased, and it may safely be said that all raw linseed oifs with 
;a specific gravity above 0‘933 are more or less oxidised by absorption 
of oxygen from the air. The index of refraction increases whilst 
ithe calorific intensity diminishes. So-called polymerised oils or oils 
^hickened by heating without access of air and oxidised oils may be 
^differentiated from each other by the fact that the “ polymerised ” 
jbils may be drawn out into long strings, whilst the oils thickened 
by oxidation give an emulsion with water. Moreover, the chemical 
changes which linseed oil undergoes during heating with access of air 
!are to some extent similar to those which odour during heating with 
sexolusion of air: an increase in the acidity (acid number) and a 
powering of the iodine number. Parallel witlj this sinking of the 
iodine number is an increase in the percentage of oxyacids. Partially 
midlbed linseed oil is not completely soluble in petroleum ether, 
^oreover, the fatty acids separated from the saponified product from 
Such an oil are only partially soluble therein and the percentage of 
pxyaoids insoluble in petroleum ether is greater, the longer the dura: 
|iion of the oxidation of the oil. | 

p Chez’s Early Expmments on Increase in Weiglh of Linseed Oili 
i)« Drying and thfi Nature of the Volatile Compounds Evoked. —Be-; 

t re Mulddr’s time, Cloez hi^ examined ihe action of the oxygen oG 
e air on-vegetable oils. He exposed 10 grammes of oil to the aim 
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in an iron basin, and left it so until the increase in weight became 
constant. Such a point he found in all oils, and wished to draw 
therefrom a broad distinction between drying and non-drying oils, 
which was not adopted. The 10 grammes of oil had, in 18 months, 
absorbed 0’703 grammes. Both the original and the oxidised oils 
were subjected to combustion, which gave the following results :— 



Per Ceut. 

O-xitiised Oil, 
100 ParU. 

Oxidised Oils, 
107*3 Parts. 

Differeuou. 





. _ __ 

c , 

77-6 

G7-6 

72'3 

- 8-3 

II. 

11-3 

9*9 

10*(> 

- 0-7 

0 . 

111 

U2-6 

24*1 

+ 13-0 


Acrolein the Chief Volatile Compoiiii.(i from Linseed Otl.—Oxygon 
was absorbed,, C and H split off. Cloez found little CO.^ and lIjO 
amongst the fluid oxidation products. lie believed they consisted 
chiefly of acrolein. The jjaper with which the basin, used in the 
experiment, was covered, had liecome yellow, and Cloez attributed 
the yellowing to acrolein, and tho yellowing of printed books to the 
same cause, as printing-ink blacks contained linseed oil. But this 
yellowing is due to the linseed oil dissolving the tar of tho lamp-black. 
Mulder regarded Cloez’s differentiation between drying and non¬ 
drying oils as correct only from a quantitative point of view, in which 
the drying oils, as a whole, on complete oxidation pass into a solid 
body whilst the non-drying oils absorb much loss oxygen and only 
leave a solid body in small quantity. Mulder recognised, and quite 
correctly so, that during Cloez’s experiments the oxidation of the 
inner linseed oil could only have been partial, as a skin was formed 
on the surface, which protected the oil underneath from the oxygen 
of the air. Mulder accentuates, in his book, again and again that 
the linseed oil be exposed to the air in a thin film. 

Kisslini/s Experiments. —However, R. Kissling, 25 years later, 
used a similar method to Cloez. He placed 10 grammes of oil in a 
watch glass of 35 sq. centimetres in surface, and found the oxygen 
absorption in 25 days ^'13 per cent., reaching a maximum of 5'7 in 
42 days. Kissling thus committed tho same error as Cloez. According 
to Mulder the reaction is unfinished and could never come to an*end, 
as the skin formed protects the lower layer. There is thus quite un¬ 
changed linseed oil, solidified oil, with slightly oxidised oil, and still 
intouched oil underneath, and still quite unchanged oil on the bottom 
if the watch glass. In what is presumably a separate experiment, 
Hssling spread 10 grammes of several oils over 35 sq. centimetres 
,nd exposed the same for 10 days at the ordinary temperature, with 
he ^flowing results;— 


VOL. 1. 


15 



, ,226 THE MANTJFACTDBB OP VABHI8HE8. 



Increaiw in 


Increase in 

Oil 

Weight 

Gent, at Ormnar}/ 

Oil. 

Wei ht per 
Cent, at Ordinary 


Temperature. 


Temperature. 

Olive.... 

0-0 

Cottonseed 

0-S46 

liape (crude) 

006 

Haw linseed 

1-130 

„ (refined) . 

0-000 

Boiled „ 

3-400 

Neatsfoot (refined) . 

0*066 

Triolein 

0-0 


This layer was far too thick. 


Even after 25 days the linseed oil showed an increase in weight 
of only 5'13 per cent, when a skin began to form, and in 42 days 
the maximum of 5’7 was reached. Kissling evidently committed the 
same error as Mulder accused Cloez of doing, that is experimenting 
on far too thick dims. With thick films the reaction never comes to 
an end—the product is quite unfinished, the circumambient skin float¬ 
ing on the liquid layer beneath effectually isolates it from the air which 
alone can complete the reaction. There is, therefore, completely 
oxidised solid oil on the top with still almost unchanged oil at the 
bottom of the watch glass. The study of the oxidation of linseed oil 
was begun long ago by Mulder, and Flazura’s researches gave it a fresh 
impulse. Bauer and Hazura tested two samples of linseed oil which 
had been kept tor two years in loosely corked bottles and found the 
acid numbers had risen to 8'9 and 12-1. 

Thompson and Ballantyne left linseed oil in an open vessel with 
frequent stirring for six months and found the specific gravity had 
risen from 0'9331 to 0’9385 and the iodine number had sunk from 
173-5 to 166-2. 

Fahrion uses the result obtained by the estimation of the oxyacids 
to ascertain the degree of oxidation of the oil. In a more than one-year 
old sample of linseed oil occasionally warmed but kept in a glass 
vessel that was not quite full and frequently opened to draw out 
samples, the iodine number was still 153 and the oxyacids 6-5 per 
cent. A sample of this oil was heated in an open porcelain dish for 
4 hours at 110° C.; the iodine number sank to 136-1 and the oxyacids 
had risen to 11 per cent. ‘ • 

Sherman and Snell found a decrease in the calorific intensity of 
linseed oil stored with access of air, whilst the specific gravity had 
increased so that the products of the two figures were constant. In 
the thick oil it came out as 8-6 to 8-8. 
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table SHOWING CHEMICAL AND PHYSICAL CHANGES LINSEED 
OIL UNDERGOES ON STORING WITH ACCESS OF AIR, INTER 
ALIA IN CALORIFIC INTENSITY. (SHERMAN AND SNELL.) 


i 

Raw Linsml Oil 

Haw Unsetnl Oil 

Raw Unseed Oil 

1 

of \m. 

of 18»8. 

Several Years Old. 

rfl5*5'^G. . . . 1 

0-934 

0-938 

0-947 

lodino number 

182-4 

175-0 

15B-7 

Free fatty acids, percent. 
Heat of combustion, con¬ 
stant volume, calorics 

4-8 

1*2 

6-3 

per gramme. 

Heat of combustion, con¬ 

9304 

9379 

9216 

stant pressure 

9379 

9394 

9230 


Sherman and Falk left linseed oil in uncorked llasks protected 
from dust, with occasional shakinf', but exposed to the air for a long 
time. 


TABLE SHOWING CHANCES LINSEED OIL UNDERGOES ON 
STORING WITH ACCESS OF AIR. (SHERMAN AND FALK.) 


1 

Fresh Oil. 

Alter 4 Montlm. 

Alter B MontliN. 

(il5-5C. . . . .' 

0-934 

0-942 

0*900 

Iodine number 

178 

1«5*H 

J89-1 

Free fatty a- ids. per cent. . ‘ 

1-3 

2-2 

4-4 

1 Hexabfomide number . 

31-3 

— 

82*8 

Reichert Meisl number . 

0-49 

I-IO 

2*04 


Hero the slight increase.in the hexabroinide number is surprising: a 
■decrease was to be expected, as oxygen is fixed by the douldo bonds of 
linolenic acid. With non-drying oils the change was steadier. An' 
increase in the gravity of 0 0(11 cori esponded with a sinking of the 
iodine number of 0-8. With liTiseed oil water was given oil'. Thoms 
and Tendler have shown that in the autoxidation of linseed oil, the un- 
saponifiable number is not increased ; 20 grammes of linseed oil were 
left in an uncovered glass dish for 40 days, exposed to air and light. 
The unsaponifiable was (a) before, 105; (b) after, 0'98 per cent.; 
heated for 48 hours irf same dish to 100° C., 0'86 per cent. A La 
Plata raw oil with 0-98 unsaponifiable was left in a beaker tlyee- 
■quarters full, covered with filter paper, for 3 months in clear daylight. 
The unsaponifiable then was 0-95, its iodine number sank from 97-1 
4to 86-0. Linseed oil from Memel seed was exposed in a thin layer in 
■clear daylight in a loosely covered glass dish until it was completely 

■ dry. The unsaponifiable was before 1‘09, after 1’03 per cent. The 
iodine number before 92’3, after 56'8. 

; VoUitile Products Evolved from Linseed Oil Dried ut a Low Tern- 

■ peraOire .—Lidoff and Fokin found that when linseed oil is dried at a 
f|aomewhat low temperature, besides CO and COj hydrooarbides are 
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evolved in variable quantities. The oxidation of linseed oil in the air 
at the ordinary temperature is a long affair, so far as the thin film is 
concerned. 

Ilenrique's Researches on the Dryimj Capacity of Ethyl Linoleate. 
—In this connection comes the linseed oil ethyl ester, i.e. a mixture 
of the ethyl esters, of the mixed fatty acids of linseed oil, otherwise 
ethyl linoleate, which has a deal higher oxidation capacity, as the tri¬ 
glycerides are of much lower molecular weight. Henrique’s ethyl 
“linoleate " is a.pale yellow thin fluid oil, which in large quantities 
is extraordinarily unstable. Freshly prepared, it is readily soluble in 
petroleum ether. Exposed to air, it thickens rapidly, becoming more 
and more insoluble in petroleum ether. The autoxidation gave the 
following results:— 

TABIjE SHOWINd THE DItYINd CAPACITY OP ETHYL LINOLEATE. 


Btliyl Linoleatti. 

AcM No. 

Siiponitlca- 
tion No. 

Iinliue No. 

Acetyl No. 

2 days old .... 

0 

181-7 

170-4 

42*5 

8 weeks old . 

4-2 

213'C 

_ 

85-1 

G . . 

6 ♦♦ .> petroleum ether 

insoluble portion 

_ 

220-4 

83-5 

104-9 

— 

271'0 

.36-1 



Oxidation of the Linseed Oil in Linseed Oilcakes .—Here the re¬ 
markable rise of the saponification number is noticeable, which later 
on will be found in very highly oxidised oils. Now the thin film of 
linseed oil is resorted to, so that the particles of the oil be spread or ‘ 
subdivided over a substance with a great surface. Such a body is 
found in crushed linseed and linseed cake. The oils in these bodies 
with access of air rapidly oxidise. Nordlinger found in technically 
expressed linseed oil 0'2 to 2-1, on an average 0'8 per cent, free fatty 
acids. In several linseed cakes ho found 6-8 to 10'8 per cent., average 
8'8 per cent, oil, and therein 4‘0 to 15'5 per cent., on an average 
9'76 per cent, free fatty acids. In extracting linseed oilcakes with 
ether less oil is obtained when the cakes are' first dried at 100° C. 
Tw\j air-dried oilcakes gave 8'0 and 10'8, but after 6 hours’ heating 
to 100° C. only 3'7 and 7'7 of oil. But the loss of oil by volatilisation 
is negligible, such results are due to oxidation. Mastbaum concludea 
that the lowering of the iodine number of the oil from linseed oilcakel 
is the first outcome of oxidation in his accentuation of Eetel and 
Antusoh’s results. Mitarewski found an increase in free and volatile, 
also a decrease in unsaturated fatty acids in the oil from linseed oiI'^‘ 
cake. He believes, however, that glycerine is partly split off by; 
micro-organisms. At 70° C. the oxidation of fats is far more intensiver 
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than at the ordinary temperature. Pigments may behave similarly to 
linseed oilcake. C. Bottinger rubbed up 5 grammes of anti-fouling 
pigments in 10 grammes of linseed oil e nd left the mixture exposed 
to the air for 6 weeks. The oil was no longer taken up by ether, and 
as the table shows was greatly oxidised:— 

BOTTINGEU’S EXPERIMENTS ON OXIDATION OP LINSEED OIL 
IN PRESENCE OF A PHiMENT. 



Ori^nal Oil. 

Extracted Oil. 

d 15 .... 

0‘084 

0*01)5 

Acid number . 

l.'PO 

‘25-0 

Saponification number . 

181*1 

106*4 

Iodine number 

188*0 

127 


.T. G. McIntosh taught in his classes for many years that he found 
that the residue from the extraction of linseed oil paint never ceded 
all its linseed oil or the derivatives of the latter to ether, and ascribed 
this to the formation of insoluble lead soap from the free fatty acids. 
The solution of the residue from ether on extraction in acids always 
gives an oleaginous residue which floats on the solution as oily 
flakes. Davis and Klein rediscovered the above fact, that porous 
materig.ls expose the oil to the air over a larger surface, e.g. textiles. 
Fahrion used chamois leather which he soaked with linseed oil and 
left to dry for a week in the air. Autoxidation set in rapidly, which 
naturally was accelerated by increase of temperature. The oxidised 
oil was taken up with cold ether and was left on evaporation of the 
latter as a yellow more or less tacky syrup only partially soluble in 
petroleum ether. It yielded on analysis 

FAHRION’S EXPERIMENTS ON OXIDATION OP LINSEED SPREAD 
OVER CHAMOIS LEATHER. 


• * 

Linseed Oil. 

Oxidisefl Oil. 

Iodine. 

175-8 

66*1 • 

Acid number. 

2*9 

18*6 

Fatty acids, per cent. 

— 

48-2 

Oinacids, per cent. 

Iodine number of fatty acids . 

— 

31-1 

— 

102-8 

„ „ „ oxyaoids . 

*“ 

47-6 


On the other hand, a test was made on a sample of linseed oil. 
exposed to the air in a flat-bottomed porcelain basin for one year. It 
^was not quite solid and was still a little tacky but was almost insoluble 
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in petroleum ether and alcohol. Besides it was not completely 
saponifiable and gave on analysis:— 

FAHUION'S EXPERIMENT ON LINSEED OIL EXPOSED FOR ONE 
YEAR TO AIR IN PORCELAIN BASIN. 


P'atty aoide, soluble in petroleum ether . . 42*2 per cent. 

lodiue number ol same..S7*5 

Oxyacids soluble in ether.11*4 

Iodine number ol same.3S-0 

Oiyacids soluble in alcohol.IS-S ,, 

Iodine number of same..‘iil'8 ,. 


Spontaneous Combustion .—Fahrion concluded that the oxidation 
was accomplished by polymerisation and the formation of an¬ 
hydrides. Hertkorn asserts that polymerisation accompanies oxida¬ 
tion. Jle states that oxidation first produces an acid reacting oil, 
prevented by the addition of alkalies or alkaline earths, whilst poly¬ 
merisation is favoured. Rapid oxidation is important. In the first 
stage volatile apparently aldehydic bodies are formed during the 
whole oxidation process. In another phase acid-bodies are formed, 
e.g. acid anhydrides, which facilitate polymerisation. In the final 
stage ozone is produced, which forms nitrous acid with the air. 
Finally peroxides are built in the last stage of the process, but in the 
absence of metallic soaps solid oil containing peroxides is spon¬ 
taneously inflammable. It is known that when linseed oil is blown 
for a long time and heated to 150 to 200° C. it separates, especially 
from impure oil, polymerisation products in the form of flakes and 
oil skins which are judiciously removed as they are liable to cause 
explosions. Fox (“ Oil and Colourman’s .Journal,” now “ Oil and Colour 
Trades Journal,” 1887, 8, 549) was the first to examine a blown oil. 
The density rose from 0*9354 to 0*986 the free fatty acids from 2*40 
to 2*73 per cent, whilst the Hehner number fell from 96*7 to 87*7. 

Leeds, instead of injecting air into hot linseed oil, injected oxygen 
and so produced two products which gave the following figures :— 


__i . 

11. 

HI. 

Density.i 

1*03 

1’05 

_ 

Free fatty acid, per cent. 

18 to 28*4 

18*5 to 28*!» 

I2'fi7 

Saponification number. 

m 

223-5 

171 *G 

Unsaponifiable, per cent. . j 

0*89 

0*97 

0-81 

Oxyaoids, per cent. . . 1 

42*8 

44-2 

31-58 

Iodine number 

58*8 

53*5 

9.S-9 


I. Woak, 11. strong, lU. dried oil. 


The free fatty acids could not be estimated accurately as thi red' 
coloration persisted more and more with the higher numbers for two tOb 
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three minutes. Leeds examined the mixed fatty acids from the above 
oxidation products with the following results 


1. 

II. 

nr. 

Melting-point 

28“ 

27° 

26° 

Solidificalion-poinl 

20° 

25“ 

22“ 

Mean molecular weight 

241*4 

242*5 

2GH*8 

Saponification number. 

282*4 

231*8 

20fi'7 

Iodine number 

l>8*2 

co*c 

100*8 


The molecular weight was calculated from the saponification 
number and doubtless is a little low, whilst the increase of the saponifi¬ 
cation number is chiefly due to the slightly acid group of oxyacids. 

ULTIMATE ANALY.SI.S OP A SERIES OP SOLIDIFIED BLOWN OIL. 



j Per(Vnt. C. 

iVr Cent. U. 

1\t Cunt. 0. 


11. 

Raw linBced oil I. . 

i 75*08 

10-78 

14*19 

7*0 

: 1 

..n. . 

75*40 

10*04 

18*90 

7*1 

: 1 

Solid linseed oil 1.. 

74*82 

10-04 

15*04 

7*4 

: 1 

.II.. 

fi‘}*74 

0*57 

20*09 

7*8 

: 1 

.in.. 

(;!)*52 

0*49 

20*99 

7*8 

: 1 

„ . .. ., IV.. 

1 04*74 

9*01 

20*25 

7*2 

: 1 

.V.. 

! O.tAO 

9*00 

25*00 

7*8 

: 1 

,. „ VI.. 

tSS-f)4 

9*24 

22*12 

7*4 

*. 1 

.VII.. 

1 (>4-sa 

9*01 

20*01 

7*2 

: 1 

.-.- - 

L., 

- --- 



— .. 


In the above table are given the combustion results, elementary 
organic analysis of a series of solidified blown oils, also the combustion 
figures for two raw oils. Fahrion calculated the ratio of C to H in 
each instance, and points out that when not considerable it is at the 
expense of the carbon atoms. It will, moreover, be perceived that the 
primary reaction consists in the fixation of oxygen by the double 
bonds, and water is split off as a secondary reaction, as stated long 
ago by Mulder. ^ • 

Weger has shown that in blowing linseed oil the refraction rises, 
also that a parallel between the refraction and the iodine number is 
impossible with partially oxidised oils. Long exposure has the same 
effect. 

Under favourable conditions the autoxidation of linseed oil, 
diffused through a porous body, may proceed so rapidly as to cause 
spontaneous combustion. Fruitful but sad experience has enabled 
ps to collect data on the absorption of oxygen by conflagrations in 
facteries where oil is used in the dressing of woollen fabrics. Ac- 
, cording to L. Haepke cotton-wool is more inflammable than sheep's 
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wool, as owing to its structure it can retain more oxygen, and accord¬ 
ing to Kissling silk is the most inflammable of all. 

Method for Producing Spontaneous Combustion ,—The open fibrous 
structure subdivides the oil, and is aided by the absence of any tend¬ 
ency to cooling from the outside or to spread the heat. When such 
conditions are fulfilled then the reaction continues, until it ends in 
spontaneous combustion or ignition. Kissling soaked 50 grammes 
of cotton-wool with 100 grammes of linseed oil and pressed the 
mixture in a glass vessel with a thermometer in centre. This glass 
vessel was suspended in a second wider glass vessel protected from 
cold by a wooden lid. The temperature rose in 15 minutes to a 
maximum of 170° C. (338° F.). Spontaneous combustion did not 
occur until artificial heat was applied. A handful of cotton-wool was 
well steeped in linseed oil, well pressed in the cold, and packed with 
another handful of cotton-wool in a tin box. A thermometer was 
stuck in the middle and the whole heated in a water-bath to 99° C. 
In 2 hours the temperature rose to 180° 0., in 4 hours great smoke 
appeared, and when the cotton-wool no longer smouldered it burst 
into flame. Schimanski and Mikoni experimented with pure wad¬ 
ding, which at about 180°C. (356° F.) was charred. With 1-5 per cent, 
linseed oil and 5 hours’ heating at 90° C., it heated itself to over 150° C. 
(302° F.), and on 3 hours’ heating at 97° C., was completely charred. 
Higher oil content and greater acess of air facilitated the charring. 
If woollen balls come in contact with oil, the latter only spreads itself 
on the surface of the fibre. There is enough air in the inner half of the 
balls to start the oxidation but not sufficient oxygen to oxidise the 
whole of the oil. Then the oil begins to take chemically combined 
water from the wool with consequent charring. Hence the increase 
of temperature, and when the ball is opened it bursts into flame. 
Erdmann and Sebzenberg soaked cotton-wool with linseed oil and 
led a 2 per cent, ozone stream over it. In a short time it burst into 
flame. Instead of subdividing linseed oil into small particles by 
means of textile fibres, the action of the air may be accelerated by 
blowing air through the oil. At ordinary temperatures no great 
acceleration occurs. But at higher temperatures, rapid thickening of 
the oil follows the absorption of oxygen. Oil blowing,was discovered 
long before Mulder’s time. ‘ 

Linoleum Manufacture. —Walton, an Englishman, in 1860 de¬ 
scribed how linseed oil blown at temperatures up to 100° C. absorbed 
oxygen (British Patent 200 of 27/1/1860), This document describes 
not only the first stage of the oxidation, but how the oxidation is finished 
—on the principle of the thin film by passing it through a sieve and 
then again treating it with -warm air. Bubber-like products were got 
in this way from linseed oil which were mixed warm with cork dust,, 
and gum, kauri. The mixture was spread on cloth and pressed in hot: 
rolls (British Patents 1037 of 25/4/1863 and 3216 of 19/12/1^3). - 
In this way was linoleilm introduced into the industrial world- 
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A rival to Walton appeared later on in Parnacott (British Patent 
2057, 4/9/1871). Instead of ordinary air Parnacott used compressed 
air. ' He sold the process to Taylor. Of these names only that of 
Walton survived. I. Hertkorn (D.E.P. 99, 710; 100, 917; 109, 
683) combined the principle of fine division of the oil vfith strong 
blowing. His process depends on the principle that oxidation is 
much more rapid when the oil, with or without driers, is mixed with 
bulky imponderable matters through which hot air passes; such sub¬ 
stances are (a) a mixture of cork dust, with (6) sawdust. The 
oxidation is finished in 1 to 2 hours, whereas by the above process it 
lasted days if not months. It is claimed tha't the highly elastic 
linoleum so made is odourless, absolutely homogeneous, and above 
all completely oxidised. Certain resins, e.g. kauri, are added in 
fine powder or dust to the partially oxidised mass. Oxides or 
rosinates of the alkaline earths, lime magnesia, are incorporated with 
the linoleum njixture to lessen the risk of the oil-saturated mass, 
and it is claimed that these additions impart greater hardness whilst 
securing a leather-like pliability not hitherto attained. >, 

Thickening of Linseed Oil by Oxidation.—VihUovor process we 
may adopt in the boiling of oil. the consistency or body of the re¬ 
sultant product is but little different from that of raw oil. Now, 
in many cases it is very advantageous to use an oil of good body, 
so as to hasten the drying when it is used either directly, or after 
it has been incorporated with varnish, or when it is desired to 
apply (he oil to porous surfaces, wood, etc., without having reason 
to fear its being imbibed. The simplest process consists in causing 
the oil to fall in a thin layer, in contact with air, as we have 
seen in the cold process of making drying oils, but the process 
is a long one, and oxidation becomes difficult as soon as the oil 
attains a certain thickness, even when working at a temperature 
of 50° to 60° C. (122° to 140° P.), by which the oil is kept fluid for 
a longer time. Further, a quantity of oil adheres to the plates, and 
there solidifies, causing a serious loss when it is not desired to con¬ 
vert the whole into a solid body. Finally, after a time a solid 
pellicle is formed on the surface of the oil, which prevents oxidation, 
and consequently the tjiickening from proceeding through the mass 

Attempts have been made to increase the fluidity of the oil aidiifi- 
' cially by dilution with a suitable solvent. By taking, e.g. equal parts 
of manganese-boiled oil and benzine, and stirring the mixture in a 
closed vessel, with simultaneous injection of air, rapid absorption of 
loxygen takes place. This absorption is stimulated by aid of heat 
f related between 4,0” and 50° C. (104° to 122" F.). If the air be 
S'^sontinuously injected so as to supply the quantity of oxygen necessary 
llor complete oxidation of the oil, a quantity which amounts at least 
# to 16*per cent, by weight of the oil used, the mixture soon thickens, 
&nd if finally we d^til off the solvent a viscous residue is left on cool- 
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ing. If the process be carried on so as to completely oxidise the oil, 
the liquid becomes cloudy owing to the formation of linoxin, which is 
insoluble in benzine; on separating the latter the linoxin is obtained 
as a very dry, elastic solid. In actual practice boiling is continued 
for a long time, often for 3 or 4 days, and the temperature 
pushed as far as 250' to 300° C. (482° to 572° F.). By this means 
heavy boiled oils are produced, which cap be thinned down by the 
addition of thinner bodied oil, boiled only from 6 to 8 hours at 200°' 
C. (392° F.). But boiling at so high a temperature has the dis¬ 
advantage of liberating fatty 
acids, which take longer to oxi¬ 
dise, and render the oil fatty. 
In Germany preference is given 
to boiling oil by superheated 
steam or superheated air either 
in pans as flat as possible, so- 
that the surrounding air may 
have free access, or in deep, 
closed pans, into which either 
cold or hot air is injected. In 
certain manufactories, especially 
in Holland, no drier is used; it 
is considered preferable to oxi¬ 
dise the oil exclusively by the 
injection of hot or cold air. 
The product is superior, but the 
process rather slow. Lewiak 
has taken out a patent for the 
injection of hot air in the pro¬ 
duction of linoleum. No. 14518, 
1903. 

Hloraye of High-class Boiled 
Oil. — According to Livache, 
when a choice toiled or thick¬ 
ened oil is manufactured, it 
should not be stored either in iron or copper vessels, without electro¬ 
plating the interior with silver; this deposit meed not be thick, as 
it i» subject to no wear and tear, and owing to the low price of 
silver would not bo so costly as would at first sight appear. The 
same result may be arrived at, viz. prevention of discoloration by 
a layer of enamel which stands well and is economical. Wrought- 
iron vessels “ galvanised” on the inside surface with tea lead which 
contains tin have no action on boiled oil, varnish, nor on spirits of 
turpentine. One per cent, of tin added to lead has the same effect. 

Walton's Processes .—In F. Walton's, Lion’s, Hadfield’s and other 
processes, air acts upon oil falling in drops, so as to present aTarge 
surface to oxidation. The modus operandi of such processes will bA 



Flo. 7;).—Linaoed oil oxidation plant. 
A A, vesaels oontauiing oil communi- 
eating through H; H, reservoir with 
perforated bottom; N,,pipe with 
upward current of air; I>, down¬ 
ward shower of od; C, chimnoy- 
atalk; E, air pressure equaliser; F, 
pump. 
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understood from Fig. 74. Walton’s plant is composed o£ a reservoir, 
the bottom of which, pierced with a number of holes, rests upon a 
second rectangular reservoir, of which two of the faces are made of 
glass so that the action of sunlight may intervene with the view of 
stimulating oxidation and bleaching the oil; the other two faces are 
made of perforated sheet zinc; through one of these faces air enters 
the whole way up the column, and passes out through the other, 
but owing to the minuteness of the holes and to their conical shapo 
the oil is retained. This quadrangular column is itself surrounded 
by a double envelope made either totally of glass, or having two faces 
at least of that material, and in which an arrangement of partitions 
causes a current of air to flow against one of the perforated zinc 
faces and to force its way through the opposite. This current 
should not be too strong, but yet strong enough to constantly renew 
the air in contact with the oil. The oil at last falls into a steam- 
jacketed reservoir. A, by means of which it can be heated to a tem¬ 
perature between 100° and 170° C. (212° to ddS F.). Finally, by 
means of a pump similar to Fig. 74, F, the oil thus heated is propelled 
into the reservoir at the top of the column, through the openings of 
which it again passes to be submitted afresh to the action of the air. 
An automatic arrangement enables tbe flow of oil to be stojrped 
should the pressure inside the column become too strong. Haw oil, 
to which an appropriate drier has been added at the start, is that 
which is generally treated with this apparatus. Sugar of lead to 
the extent of 5 to 10 per cent, is the most suitable drier. Manganese 
or litharge boiled oil may also be treated, but air is projrelled in this 
case at a lower temperature, say, 100° C. (212° F.); nevertheless, 
in spite of this precaution, the resultant oil is darker than whim 
raw oil is used. Another arrangement by Walton consists in boiling 
the oil in large open pans ; the hot oil is led into a chamber main¬ 
tained at a suitable temperature by steam pipes. Here the oil which 
falls on the floor of the chamber is beaten with armed agitators, 
bringing it into the form of a spray which meets a current of air 
passing in the opposite direction; the oil falls back again into the 
chamber, which may be covered with glass, so that the action of 
sunlight may intervene. 

Storer's jProcess.-'-fnstead of blowing air into the oil. Dr. John 
Storer draws it in from the atmosphere by suction by the creation 
of a vortex current generated by a sort of ship’s propeller acting as 
an agitator. By a mechanical arrangement the oil subjected to the 
vortex action flows into another compartment and returns to the 
surface to expel tbe vitiated air, and to be again and again subjected 
to the same treatment. The propeller agitator makes about 1500 
revolutions a minute. It will readily be seen that by the comming¬ 
ling of continually renewed fresh air, drier and oil are affected in a 
most’oomplete and perfect manner by this process, the propelling 
agitator of which is horizontal. The plant differs from Vincent’s in 
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the fact that the fumes are carried away, not by a dome riveted to 
the pan and forming part of it, but by a hood suspended over the 
pan, thus allowing fresh air to be continually brought in contact with 
the oil without the necessity of pumping. The atmosphere above 
the pan is therefore always tree from decomposition products. Be¬ 
sides Storer’s agitator was horizontal and Vincent’s vertical. 

Solidification of Boiled Oil—Linoleum Manufacture .—When 
boiled oil is completely oxidised it is insoluble not only in ordinary 
boiled oil itself, but also in the whole of the various solvents used 
as thinners, consequently manufacturers generally are content with 
a partially oxidised product which will dissolve therein. 

But nowadays there is a demand for completely oxidised and 
consequently solid oils which are incor¬ 
porated by mixing and grinding with a 
great number of substances, to which 
they impart elasticity as well as insolu¬ 
bility in the various oil solvents as well 
as in acids, as in the case of linoleum 
manufacture. The process most gener¬ 
ally adopted consists in spreading boiled 
oil in a very thin film, or oil thickened 
after one of the processes describ ?d, so 
that it may be completely oxidised; if 
the film he too thick surface skin is 
formed, when oxidation verges comple¬ 
tion, which stops all further oxidation 
going on underneath, and complete 
solidification is prevented. When large 
quantities of solidified oil are required, 
it is necessary to,have enormous sur¬ 
faces at disposal, so that the film of oil 
to be oxidised is as thin as practicable. 
Two methods are in vogue: (1) Linen cloths are passed through a 
bdth of the oil to be oxidised and so become impregnated with the 
oil, and are then suspended vertically, so that the excess of oil 
drops off. When the film of oil is dry the linen is again passed 
through the bath once more, and thus beconoes charged afresh with 
oil and again exposed vertically to the action of the air, and so on 
until a succession of solidified layers gives the desired thickness. 
(2) The following is a more simple arrangement. Oil is made to 
; fall on several thousand square yards of linen suspended vertically. 
The thin layer of oil absorbs the oxygen required to solidify it 
very rapidly. This absorption is facilitated by working in warm 
**bhambers. The sequence of operations which follow each other, 
almost automatically, produces very cheaply a' superposition of 
pellicles amalgamated together to form a mass of considerable 
‘ thickness. To separate the solid oil from the linen, the latter is 










i&88BD Olt AND BLOWV OILS ANIi LmOLBtSt;? f '287 

■ passed between two rolls heated by steam, and so adjusted that only 
the linen passes through. In starting, all that has to be done is to 
free the linen from solidified oil for about an inch, and feed it in 
between the rolls; these catch hold of the linen and draw it forward, 
leaving the solid oil behind. But when complex substances arc to 
be made from the solid oil, manufacturers do not trouble to separate 
the two, the more so as the linen does not last long. Livaohe tried 
to use oxidised oil by itself. When triturated with the majority of 
solvents, it swells, becomes transparent, and then divides into pieces 
of extreme tenuity, and so forms a paste which may bo spread out in 
a more or less thick film. When the solvent has evaporated an 
elastic homogeneous surface of oxidised oil is obtained, perfectly dry 
and of appreciable thickness. These oxidised oil pastes may be 
mixed with rubber pastes or with solutions of rubber and other sub¬ 
stances soluble in the solvents used, so as to obtain after evaporation 
a homogeneous product of peculiar properties partaking of those of 
the different substances entering into its composition. 

The oil treated in the manner described until the maximum 
amount of oxygen has been absorbed, forms a gelatinous mass denser 
than water, which can he drawn into strings. It is insoluble in 
alcohol, ether, spirits of turpentine, chloroform and carbon di¬ 
sulphide. When mixed with cork dust and rosin, ‘‘ fillers,” etc., it 
is rolled into linoleum. The highly complicated machinery for 
inlaid linoleum, etc., is beyond the scope of this work. The following 
elementary analyses are by Bowland Williams:— 


ELEMENTARY ANALYSE.^ OF OXIDISED OIL,S FOR LINOLEUM 
MANUFACTURE. (ROWLAND WII,LIAMS.) 



liaw binseed. 

Oxidwed Linxeed Oil for Linoleum Manufacture. 
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Beh's Limleum Process .—Good clarified Russian linseed oil is 
boiled with nitric acid of known strength to decompose the glycerine 
and oxidise the oil. The oil treated in this way is pumped into a 
tank waggon which sprinkles it on to a cloth which is oxidised by 
hot air. 

Herkhorn’s Linoleum Patent .—In this process the alkaline earths 
and their soaps are added to the oil during boiling and oxidation, and 
a velvet lustre is thereby imparted to the mass. Rosin and rosinate 
.. of magnesia are added to the oil. 
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PimUe'i Analyses of Linoleum .—Pinette analysed three samples ’ 
of linoleum with the following results. His method of working is 
so obvious as to require no description. 


ANALYSES OF LINOLEUM (PINETTE). 
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The first linoleum manufactory was founded by Walton at Staines, 
near London. Old tanked oil is used, tanked tor a sufficiently long 
time to deposit all matter in such circumstances. This oil is 
oxidised in two ways: (1) Oxidation by Walton's process. This 
si effected by the simple action of the air, by causing the oil to 
flow slowly over cloth suspended for the purpose. After 4 to 6 
months the two sides of the cloth are covered by a layer of linoxin 
about 3 cm. thick. (2) Oxidation by Taylor’s process. Oxygen is 
blown into the oil with the addition of oxidising agents, l)y which a 
less pure and less elastic linoxin is prepared in 12 hours. The 
shredded linoxin is boiled in steam-jacketed pans with kauri resin. 
The hard dark brown mass obtained is termed linoleum cement. 
Equal parts of cement, linoleum, and powdered cork are added with 
the mineral pigments. For bright pigments wood sawdust is used. 
The mixture is passed between four largo hot rolls heated to 140“ to 
160“ C., along with the jute fabric on which the composition is to be 
applied. The lustre is obtained by passing the coated cloth through 
polished cylindrical rolls, in the jacket of which is a freezing mixture. 
The large bands obtained, 160 yards long by 2 to 3 yards wide, are 
covered on the reverse side by a red paint by means of a finishing 
machine. The bands are cut into lengths of 26 to 30 yards, and 
dried flat in a stove. Continuous lengths of linoleum are so ob¬ 
tained. 

Lewkowitsch analysed a so-called “ scrim ” oil, one produced by 
blowing, and subsequent oxidation in a thin film, so as to produce 
completely solidified linseed oil, which finds a use as massive linoleum 
(linoleum cement), and which is practically insoluble in all oil sol¬ 
vents. Nothing has been ascertained in regard to the analytical 
figures of solidified linseed oil, only as regards (1) the mixed fatty 
acids, (2) the oxyaoids, and (3) the acids soluble in petroleum ether. 
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analytical figures relating to solidified LINSEED OIL 
FOR USE IN LINOLEUM MANUFACTURE (SCRIM). 
(LEWKOWITSCH.) 
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Linoxin has often to bo determincid quantitatively in dried coats 
of paint. Looked at in a certain liftht, it does not consist in the 
determination of the linoxin but that of the total oxidised and un- 
oxidised, linseed oil. Oleic acid takes no part in the drying p ocess, 
and the linolenic and the linoleic acids are not quantitatively oxidised 
as already stated. Mulder found in dried linseed oil only about 80 
per cent, of ether-insoluble linoxin. Lately, Meister believes that 
linse' d oil in the drying process is oxidised up to the minimum iodine 
pumber of 26'9. lluring linoleum manufacture, the oxidation, for 
various reasons, does not go so far as in the drying process. Ingle 
found that ether ceded 4'5 per cent, in form of a yellow crystalline 
mass. The total linoxin from the linoleum cedes a certain amount 
to ether, so Pinette must have lost sight of the fact that linoxin is 
insoluble in ether. This insolubility in fat solvents is only relative, 
as first pointed out by Livache. By prolonged treatment with 
benzol, the linoxin waa broken up and partly dissolved, and behaved 
somewhat like rubber. The solution left, after evaporation of Ijie 
^ benzol, a solid mass sticking to the fingers, which softens on warm¬ 
ing. Livache found that the soluble portion acted as a cement for 
, the insoluble part, the unoxidised oil, in dried coats of paint, first by 
eaponifioation and then isolation of the fatty acids and oxyacids; 
the water soluble portion of the latter is but slight. In the case 
; .of linoleum, however, this is not so, as a large proportion of cork 
.dust dissolves. Dlzer and Baderle give the saponification number 
cork dust as 238-5, and Ingle by treating cork dust with alcoholic 
jpiotash obtained 
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„ „ „ water.S4-4 
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Ulzer and Baderle allowed benzol to act under pressure (for 
1 hour at 150° C.) on linoxin, and obtained complete solution. They 
therefore prescribe the above method for the estimation of linoleum 
cement (linoxin + unoxidised oil + rosin) in linoleum. They found 
in various samples 13 to 25 per cent. According to Fritz this is too 
little; a marketable linoleum must contain, at least, 30 per cent, of 
linoleum-cement, which on its part usually consists of 82 per cent, 
of linseed, oil, mostly oxidised, 12 per cent, of rosin, 6 per cent, of 
kauri, and 1 per cent, of castor oil. He believes that much informa-, 
tion is obtained by replacing the benzol treatment by a benzol- 
chloroform extraction. Finally, he elaborated a method for extraction 
of the four substances for determination. Much of the newly- 
marketed linoleum-cement is, besides the Lincrusta factories, bought 
up by the large linoleum manufactories. 

Ac(-ion of Solvents on Linoleum. Determination of the Acetone 
Extract, —Acetone, like ether, extracts an indetinito amount of soluble 
matter. Ether—on extracting with ether a sample of the dried skin 
produced by the “ scrim ” process, 67 5 per cent, was extracted in 24 
hours, but the extraction was still unfinished after 4^ months, when 
the extraction was 85'32 per cent. Alcohol, benzene, chloroform,, 
and acetone yield similar extracts. Extraction by petroleum spirit 
of b.p. 35° to 50° C. (95° to 122° F.) also exhibits no end reaction but 
produces extracts differing from those yielded by other solvents. 
In actual practice, successive extraction (1) by petroleum spirit (24 
hours), (2) of the petroleum spirit residue, by ether, gives useful re-; 
suits. The petroleum spirit extract is a pale greenish-yellow fairly 
mobile oil, and thickens but does not dry, that is, forms a skin on, 
exposure. The ether extract of the petroledm spirit residue is a,, 
viscous, tacky, yellowish-brown oil, which dries on exposure to air,, 
forming a fairly hard elastic skin. If the final insoluble residue be*, 
taken as linoxin, the variations in the proximate analysis of the skins,, 
produced by the scrim process are given in the following table;— 
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TABLE SHOWING THE VAEIATIONS IN THE PROXIMATE ANALYSES 
OP THE PARTIALLY OXIDISED OIL OBTAINED BY THE SCRIM 
PROCESS. 


j Linoxin, per cent. . 

: Ether extract, per cent.. 

Petroleum spirit extract, 
I per cent. 
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Oxidised linseed oil used for a rubber substitute or for grinding, 
as made at present, is practically insoluble, and therefore inapplicable 
for painting, and- can take up from an economic point of view no 
further oxygen from the air. Mr. Samuel Banner, of Liverpool, 
patented an invention to obtain as great or even a still greater degree 
of oxidation than hitherto, and yet obtain oil perfectly soluble for 
painting. It consists in introducing into the oil, either before com¬ 
mencing the blowing or during the blowing from time to time, a 
solvent, preferably a hydrocarbon of the olefine, paraffin, or turpentine 
series, in such quantities that at the conclusion of the process there 
is sufficient solvent to keep the whole liquid. It will, of course, be 
evident that so long as the oil is fully liquid the solvent need not bo 
added, but it must not be allowed to go too far in the direction of 
solidification to prevent the action of the solvent. Large numbers 
of thesj light hydrocarbon solvents are well known in the trade, and 
as they are all very much like each other, and of almost equal utility 
for this purpose, no rules can be given for choosing them beyond this, 
that hydrocarbons having boiling-points which indicate safety and 
free evaporating qualities are those most efficacious. By the above 
process the inventor obtains, dissolved in the solvents, oil at a very 
high degree of oxidatioh, which could not practically be dissolved in 
these same solvents if added thereto in the solidified and oxidised 
condition. In actual practice it is found most convenient to heat the 
drying oil to about 220° F. or thereabouts, and then blow, and when 
the temperature begins to rise the oil is cooled, and kept at about 
150° F. In this process the addition of driers assists oxidation of the 
oil, just as it does iq^ the ordinary one, and besides the usual oxide 
driers, borate and sulphate of manganese, or that compound known 
in commerce as acetate of manganese, may be used in order to 
assist the oxidation. A combined oil and solvent of this nature, 
with or without driers, is admirable for use as a menstruum for 
paints and for oilcloth making, etc. It is a quick drier, as the 
solvent has only to evaporate and the oxidised oil remains as a solid 
dry layer. A very cheap painting oil, with large body, is thus ob¬ 
tained, and it is to be borne in mind that in this invention the article 
itirom beginning to end (and the final product likewise) in the liquid 
at viscid state, and no solid at all is produced during the operation. 
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CHAPTER XII. 


THE TECHNICAL CHEMISTRY OP LINSEED OIL, MANUFACTURE 
OF RUBBER SUBSTITUTES. 

India-eobbek Substitutes. 

Definition. —Sulphur, sulphur chloride, and nitric acid are usee 
respectively to convert oils (drying oils lend themselves most readily 
into solid elastic substances used as rubber substitutes, the basis o 
which is most generally a drying oil, linseed oil, walnut oil, etc. (walnu 
oil is too dear and is only mentioned to show that the same resulti 
can be got with it as with linseed oil). But non-drying oils are alsi 
extensively used in Germany, and maize oil in America, in makinf 
ohlorosulphuretted oil substitutes from sulphur chloride. 

Practice and experience are required to get at the right propor 
tions and the proper temperature. The published recipes are gener 
ally obsolete, fit to guide beginners in practical researches, but not foi 
immediate and profitable use. It will suffice to describe the prepara 
tion of the two main kinds, (1) oxidised oil, and (2) vulcanised oi 
substitutes. 

1. Oxidised Oil, Black Substitutes. — Sacc's Experiments on th 
Action of Dilute Nitric Acid on Linseed Oil * {Caoutchouc des Huiles) 

_Saco, whilst working in 1846 on the saponification of linseed oi 

by caustic soda, examined the action of dilute nitric acid on that oil 
When 100 parts of linseed oil and 200 parts of dilute nitric acid 
diluted with four times its volume of water, are gently heated wit! 
continual stirring, the oil becomes brownish-red in colour; there ii 
abundant disengagement of nitrous fumes, the oil thickens in 4 houn 
to a syrupy mass. Zonas in 1848, following up Saco's experiments 
first of all thickened the oil by heat, then having rendered it viscous 
set fire to it, then, after having partially burnt it, so as to give it thi 
consistency and body of a printing ink vehicle, he treated the result 
ing product with dilute nitric acid. This was the beginning o 
"ixidised oil rubber substitutes (caoutchouc des huiles).' 

SoUier and Battm's Attempts .—In 1854 F. Sollier, whethei 
ignorant or not of above attempts, tried to convert linseed oil into t 
rubber substitute capable of replacing rubber, in some of its essentia 
applications. Battier patented a similar product. Present Process 

> See also the writer’s tiaoslatiaa of “ India-rubber and Outta-percha ” (Scott 
<i6r«intwiod & Son). J. 
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ik-Linseed oil is heated until brown and viscous (22 lb. requires 24 
consecutive hours’ heating) and then treated for a few hours with 
nitric acid, until it has assumed a thick plastic oonsistenoy, and, 
when cooled in the air, becomes solid. The product is freed from 
the excess of acid by kneading it in weak alkaline lye, until no longer 
acid. When cold it has the appearance of natural rubber; it is 
rather elastic, softens in hot water, and, unlike rubber, becomes 
plastic like gutta-percha. It is soluble in turps, carbon disulphide, 
and alkalies. Acids precipitate it unchanged from its alkaline solu¬ 
tion. 

If dilute nitric acid and linseed oil yield a product similar to that 
obtained by the action of sulphur chloride on oils, vide infra, yet in 
the latter product sulphur seems the active agent, which explains why 
the same substance is got from drying or non-drying oils. With 
nitric acid there is rapid oxidation exclusively confined to those 
oxidisable principles, viz. the unsaturated fatty acids only found in 
drying oils. 

The oil is first heated so far as to render it viscous; it is then 
boiled for a long time with dilute nitric acid. A solid elastic, brown, 
non-tacky substance is obtained analogous to caoutchouc, whence its 
name of black artificial rubber. A similar substance is obtained with 
the different drying oils, but in proportion to the intensity of their 
drying properties. Linseed oil and walnut oil yield eight to ten 
times as much as poppy-seed oil. 

Use »f Biibber Substitutes made from Nitric Acid and Linseed Oil 
in Waterproofing Canvas, Imitation Leather. Its Application to 
Wood, Stone, and Metal .—As soon as discovered the product was 
utilised for waterproofing canvas, imitation leather lor saddlery and 
carriage building, and travelling articles of a suppleness and fitness 
leaving nothing to be desired. If its use is less and less for some 
time back, it is still in vogue, and if but rarely used alone it is still 
sometimes added as an additional ingredient to articles made from 
pure rubber. As it adheres perfectly to all fabrics without altering 
them or penetrating them too deeply, the manufacturers of waterproof 
canvas often resort to it. It may also be readily applied to wood, 
•tone, and metals, when it contracts a wonderful adherence. 

• Properties of Oxidised Oil Rubber Substitute .—This substance 
does not melt, but differs decidedly from the final product, linoxin, 
yielded by the complete oxidation of drying oils: by the fact that it 
, cannot be saponified by a concentrated aqueous solution of potash. 

On heating therewith, an emulsion is obtained which does not 
' aeparate on the addition of an acid. With alcoholic potash, on the 
^ C^ complete saponification takes place, and the addition of an 
liberates a mixture of fatty acids of complex constitution. With 
,<'B||rhon disulphide there is an emulsion; in petroleum the substance 
.^^iftrhUsVithout dissolving; in a mixture of alcohol and ether it swells 
Resolves if a large quantity of ether be add^, whilst it is pre- 
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dipitAted if alcohol be added in too great proportion; finally, it la 
soluble in ether and in a large excess of turps. Rubber substitute 
(from linseed'oil and nitric acid) consists ( 1 ) of a mixture of sub¬ 
stances present in the original oil and not sensibly changed by the 
nitric acid treatment, and ( 2 ) of products oxidised by the nitric acid 
and transformed into linoxin, the relative proportions of these sub¬ 
stances masking the individual properties of each. This substance is 
used either in solution in ether or in spirits of turpentine in water¬ 
proofing fabrics, or is added directly in the solid state to india-rubber.^ 

2. The Vulcanisation of Oils. Manu/aclure of Rubber Subsiilutes 
{While Substitute) by the Action oj Suljihur Chloride on both Dry- 
inij and Non-drying Oils. —This process is due to Parkes, who, in 
1855, patented a process for vulcanising linseed and rape oils by 
sulphur chloride. By mixing linseed oil with 5 per cent, of sulphur 
chloride, it becomes very thick, becoming plastic with 15 to 20 per 
cent., the solidity increasing as the percentage rises to 25 per cent. 
If the mixture be cooled solid sheets are obtained, on which other 
layers can be superimposed so as to obtain sheets thick enough for 
making printing rolls, boxes, knife handles, etc. If some carbonate 
of lime bo added the carbonic acid evolved converts the mixture into 
a white spongy mass, which is mixed with natural'rubber. Sulphur 
chloride has a similar action on other oils such as emth-nut or colza. 

Nickles and Rochleder first investigated the action of sulphur 
chloride on fatty oils with the resulting production of a rubber sub¬ 
stitute. Sulphur chloride mixed with any vegetable oil immediately 
converts it into a solid, which sometimes is very hard. 

Parkes, to whom industry owes the process of vulcanising rubber 
by S 3 CL, patented a process for vulcanising linseed oil and rape-seed 
oil by S 5 CI 5 (British Patent of 22 October, 1856, No. 2359). 

Roussin’s Researches. —In 1858 Roussin described the action of 
sulphur chloride on oil (29 November). If we take 100 parts of 
linseed oil and about 25 parts of sulphur chloride a compound is ob¬ 
tained possessing the maximum hardness, but 100 parts of linseed oil 
and 15 to 20 parts of chloride yield a more supple product; and, 
finally, 100 parts of oil and 6 of chloride thicken the oil, it is true, 
but do not harden it. This latter mixture is soluble in all ordinary 
oils, which is not so with thicker mixtures, Mich only swell in these 
vgjiioles. When linseed oil is diluted with 30 to 40 times its weight 
of carbon disulphide, if one-fourth of the weight of oil be replaced 
by the same quantity of sulphur chloride, a product is obtained 
which remains liquid for a few days. If this solution be applied 
oh glass, wood, etc., the carbon disulphide evaporates immediately,, 
and a coat of varnish is soon left. Several precautions are taken so 

‘ Synthesis of Qennine Bubhr.—Tho attempts that have been made to eoA;. 
vert spirits of turpentine into real rubber have not as yet been carried out % 
practice. 
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as to produce mixtures of sulphur chloride with the above properties. 
A sulphur chloride containing the greatest possible proportion of 
sulphur is selected. This liquid product is poured rapidly into 
the oil, and the mixture agitated to obtain a uniform mass. Soou 
the oil heats, the reaction ends, and the oil hardens or forms a soft 
compound, according to the proportions of chloride. It is essential 
to operate only on small quantities at a time, and to avoid such a 
heat as would volatilise the chloride, produce bubbles, and even 
blacken or carbonise the oil. (Sulphur dichloride should never bo 
' used in these preparations, its action is too energetic; the oil treated 
would carbonise very rapidly and the prepfiration be in'omediably 
burnt.) When the two substances are intimately mixed the product is 
run on to a glass plate, or upon another plane polished surface, whore 
it is equalised, then after the lapse of 5 to 10 minutes, according to 
, the temperature, whether greater or loss, combination is complete. 

One hundred lb. of the oil are mixed with i gallons of benssoliue, 
and there is added a mixture of 25 lb. of sulphur chloride in 2 gallons 
of benzoline. The work should be done in a closed vessel provided 
with a stirrer, and the sulphur chloride should be added only in small 
quantities at a time. Some heat is generated which causes the 
petroleum spirit to vaporise, while a little gentle heat at the end is 
sufficient to drive off the remainder. These sulphur chloride sub¬ 
stitutes are generally of a pale yellowish colour, rather spongy in 
texture. They contain little free oil, and no free sulphur. They 
work with the rubber better than do the oxidised substitutes previ¬ 
ously described. A pellicle is obtained, which it is easy to raise; all 
that is required is to detach one of the corners with the point of a 
knife and to pull the remainder gently by means of this corner. 
Moreover, several of these layers may be superimposed, tqking care 
so that they may amalgamate together well, to apply one above the 
other when the latter is cold. In order to ensure perfect amalgama¬ 
tion, moisture must be avoided, which decomposes the chloride and 
prevents adherence. By working thus solid sheets are got for use in 
making goods previously only made from rubber. These articles are 
quite transparent if carefully heated in an oven, or in a hot chamber, 
for a sufficiently long time for the vapours disengaged by the chloride 
to escape. They re»isl atmospheric influences, acids and weak 
• alkalies; but they are brittle, and emit a peculiar odour, from which 
it is difficult to free them. The above substitutes are sometimes used 
alone in waterproofing cloth, making hose-pipes for water, and in ad¬ 
mixture with ordinary rubber for all other uses. 

All vegetable oils are used in the making of these substitutes, but 
Unseed, rape-seed, earth-nut, and colza oils are preferred. 

Brown Substituies—OUs Vulcanised by Flowers of Sulphur .— 
Rubber substitutes made from sulphur chloride, vide supra, are colour- 
jtess, ahd in no way resemble commercial rubber in texture. Their 
:^|il^nufaoture is delicate and subject to frequent failures, due 



prino^pally to the too energetic action oi'the chloride upon the 'oils 
at however low a heat. This difficulty is overcome by the direct 
vulcanisation of linseed oil, by flowers of sulphur, which produces 
a black substance approaching more nearly to the natural colour of 
rubber, which, by its slower and more gradual elaboration, avoids the 
innumerable accidents of a reaction accomplished too rapidly. This 
substitute, which at the present day has in most instances displaced 
oil vulcanised by sulphur chloride, is prepared thus: Linseed oil 
previously heated to 100° C. is intimately mixed with 5 to 10 per 
cent, of flowers of sulphur, according to the object desired, then 
heated gradually to about 130° C. (266° F.). The mixture rapidly turns 
brown, and when it has got to the right heat and very pronounced 
syrupy it is left to itself, without, however, allowing the heat to lower 
below 100° C. (212° F.). Vulcanisation is known to be finished by 
the deep brown, almost black, colour of the mass, and its ever-increas¬ 
ing thickness. At this point the process is conducted as in the case 
of sulphur chloride substitutes. The vessels are emptied on smooth, 
cold surfaces, to render the product detachable after cooling. A 
substitute from non-drying oils is made by taking 100 lb. of good 
Stettin colza oil and mixing it with 15 lb. flowers of sulphur, and 
heating the mixture with frequent stirring to about 300° F. until 
a dark coloured, almost solid, mass is obtained. On cooling, the 
mass is rubber-like but devoid of the elasticity and tenacity 
characteristic of rubber. During the process part of the sulphur 
enters into combination with the oil, part remains free. The free 
sulphur should be very small. The average amount is 2'5 per cent.; 
when the amount reaches 5, it is objectionable, as it produces defective 
goods. All the oil should be combined, as any free oil is found to act 
upon the real rubber with which the substitute is mixed, and causes it 
to decay. The fatty compound formed by the interaction of the oil 
and the sulphur is not soluble in petroleum ether or petroleum spirit,,, 
but is acted on by alcoholic solutions of caustic soda. 

Rubber Substitute f rom Maize Oil.—The manufacture of rubber 
substitutes is so simple as to lie easily within the means of ordinary 
factories. It is assumed that the factory has ordinary conveniences, 
and gas is laid on, as in the manufacture of “black sub "; great heat 
is supplied by gas quickly and economically; "A cylindrical tank or 
bojler should be provided holding one or more barrels of corn oil, and' 
placed so that it may be filled at its top. Such a tank, in the factory 
basement, could be filled from barrels on the main floor with little; 
trouble or waste by placing the tank immediately beneath the floors'); 
which is provided with a small hatchway or trap-door. The tanfcv 
should be filled with ffiucet for drawing off oil as required', or oil'i 
may be piped directly to the boiling-kettle. jets are arrange#! 
around the base of tffiis tank, so that its contents can be heated int^ 
advance, an economy in time, 
be another cluster or circle of 


gas jets in a chamber shut in at 




sid^, open at the top, properly^ oonstruoted, and of » strength to 
sustain an 8-gallon pan. Still another cluster of gas jets should 
be provided over which sulphur can be melted. Also a cooling 
box, 2 by 3 by 5 feet, constructed of wood. The apparatus now 
consists of an iron boiler for holding the supply of corn oil, a 
heater for boiling the oil, a heater for melting sulphur, and a cooling 
box. Two strong men are required to handle the work properly. 
Eight gallons of corn oil are drawn off from the tank, and 20^ lb. of 
sulphur weighed into a large dipper, and each placed over its re¬ 
spective heater. The oil, having been previously heated, attains the 
boiling-point quickly, and for 30 minutes should be kept at a tem¬ 
perature of 470“ F. and constantly stirred. The sulphur, being now 
melted, is added to the boiling com oil. It must be added hot to 
prevent crystallisation. The workmen must be prepared for prompt 
and skilful action at this point, for no sooner does the sulphur mix 
with the boiling oil -than the contents of the kettle rise rapidly, and 
before it can boil over must be removed and emptied into the cooling 
box, where it is stirred. When cold it is dumped upon and tied up 
in large cloths, or placed in pans ready for use, as convenience or 
necessity suggests. In this manner black substitute is manufactured. 
The boiling will reduce the quantity somewhat, say 2 per cent., and 
from a weight of 69;^ lb. of material a batch should result weighing 
about 68 lb. It will be noted that something over 41 per cent, of 
sulphur is required to make this substitute, while to oxidise (vulcanise) 
cotton-seed oil or rape-seed oil requires hut 26 per cent. A recipe 
which has been given for making sulphur chloride substitute from 
rape-seed o’i i® follows:— 


Bai^-seed oil . 
Benzine . 
Sulphur chloride 
Magnesia 


J gallon. 
1 .. 

U ounces. 

4 M 


The above-described rubber substitutes are sometimes employed 
in waterproofing cloth, water pipes, etc.; sometimes in combina¬ 
tion with natural supple rubber for other industrial uses. 

Only one class of organic compounds plays an important r6le in 
the rubber industry^ viz. the products sold as rubber substitutes, 
artificial rubber or imitation rubber, made by heating oils, whether 
drying or non-drying, with sulphur or sulphur chloride, and the non- 
sulphuretted substitutes made by oxidising linseed oil. 

Waterproof Varnieh from Vvieanieed Oil (Fr. Pat. 480,038, 
M. Poto).—Oila vulcanised with sulphur chloride are dissolved in 
amyl acetate, the following typical method of preparation being fol¬ 
lowed ; One thousand parts of castor oil are mixed with 2000 of amyl 
Ifmetate, and stirred up well with 260 parts of sulphur chloride. In 
ipshort time the mixture sets to a fairly solid j^y, and gives off large 
i^ntities of hydrochloric acid vaponr from the acetyl chloride form^ 
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during the reaction. If, however, the product be left in a tightly 
closed vessel for several days it will be found to have become com¬ 
pletely liqueBed and dissolved. The acid reaction is neutralised, 
preferably with barium carbonate, and after the precipitate has been 
removed by decantation and filtering, a clear, almost colourless, liquid 
is left, consisting of a perfect solution of the vulcanised oil, hitherto 
regarded as insoluble. This solution may Ire employed, as it is, for 
waterproofing fabrics, leather, paper, etc. On the other hand, if it 
be mixed with other solvents, such as alcohol, benzol, acetone, acetic 
ether, etc., and employed to dissolve a certain proportion of nitrocel¬ 
lulose, there results an excellent varnish tor glossy leather—the gloss 
resisting the action of soap, friction, etc.—a leather polish, a varnish 
for oil cloth, and when mixed with pigments, a waterproof, quick¬ 
drying paint which will stand washing and changes of temperature. 

Analysis .—Substitutes are generally met with in the form of 
yellow or brown clastic masses, without cohesion, breaking up under 
pressure, greasy and moist to the touch. Two of these substances 
gave the following results :— 

table showing the partial analysis of two rubber 

SUBSTITUTES. 



I. 

II. 

Water. 

.1-00 

0'85 

Sulphur .... 

.C-17 

G'4 

Ash. 

.5-52 

0-8 


Substitutes behave towards solvents like rubber itself; insoluble in 
alcohol, they only dissolve with difficulty and incompletely in benzol, 
carbon disulphide, turps, etc. To detect the presence of oils or fata 
in manufactured rubber, a method has been proposed which yields, in 
experienced hands, useful results. The rubber is digested in oarhon 
disulphide to which 5 per cent, of turps has been added, the solution 
is filtered after a few hours, and distilled. An appreciable residue 
indicates the presence of foreign bodies of a fatty nature. The 
method has several drawbacks: first, vulcanised rubber is slightly 
soluble in the mixture of carbon disulphide and alcohol; the experi¬ 
ment is not conclusive unless the fats are present in notable quantity; 
finally, sulphur is likewise dissolved, and may give rise to error. In 
spite of these drawbacks, from a qualitative point of view, the method, 
applied with discretion, may yield useful indications. For a quanti¬ 
tative estimation the process cannot be adopted, because the sub¬ 
stitutes only dissolve partially, even when isolated and repeatedly 
digested in alooholised carbon disulphide. The sorts examined left 
after solution a residue of 20 to 30 per cent, of their weight, and on 
each treatment still further lost 1 to 2 per cent., so that it cannot 
be admitted that the substitute is insoluble, and that it is the 
proportion of unchanged oil or fat which alone dissolves. Substitutes 
dissolve completely in petroleum at a high temperature, as vulcanised 
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robber does itself. Ligroin only dissolves them partially. Aqueous^ 
soda dissolves them with difficulty and incompletely. The action o( 
alcoholic soda is dealt with further on. Hubl's iodine addition 
method seemed likely to prove useful, for rubber hardly absorbs 
iodine, whilst sulphuretted oils should readily fix iodine, like the 
•oxidised oils which almost retain their primitive iodine value. 
Preliminary experiment led to this unexpected result; sulphuretted 
oils do not absorb iodine and behave like quasi-saturated compounds. 
Henriques tried to separate the sulphur from the substitutes and to 
isolate and weigh the regenerated fatty acids. He treated the sub¬ 
stitutes with alcoholic soda, to which different salts that absorb 
sulphur were added—salts of lead, mercury, copper and zinc; but 
in whatever way treated, the fatty acids, isolated from the alcoholic 
lye, varied in quantity, and always contained equally variable quanti¬ 
ties of sulphur. He tried, without success, to effect saponification 
and desulphurisation in a closed vessel at a high temperature, 
by replacing ethylic alcohol by amylic alcohol. However, sub- 
■stitutes dissolve freely and completely in alcoholic soda, and on this 
fact is based an approximate method of analysis. Sharp and com¬ 
plete separations as in inorganic analysis are here quite impractic¬ 
able. Besults are only approximate. We have to deal with very 
•complex mixtures, like rubber itself, which may contain substances 
belonging to different classes of Ixxiies. The following experiment 
•shows that substitutes, or at least their organic constituents, are 
■completely soluble in alcoholic soda; 1 gramme of substitute was 
•boiled in a flask attached to a reflux condenser, with an excess of 
■caustic soda (7 to 8 per cent. NajO). After a few hours the alcohol 
was distilled off, the residue dissolved in water, and filtered through 
a tared filter. 

Weight ol the dry tctiidue .... 0 041 = i'l per cent. 

„ „ ash.0-0413 

The residue, therefore, contained no trace of organic matter. Another 
substitute which left no ash dissolved completely. Both white 
■and brown substitutes are slightly yellowish, clotted, elastic masses, 
with a neutral reaetjon and a slightly penetrating oleaginous 
odour. Water extracts nothing; acids and alkalies but little; 
neither do the majority of neutral organic solvents. The character¬ 
istic of these products is their high chlorine content—almost as high 
as their sulphur content. Prom their behaviour with solvents the 
chlorine should exist in organic combination. If the substitutes 
examined result from the action of chloride of sulphur upon oils, 
that reagent has entered entirely (chlorine and sulphur), into the mole¬ 
cule of the proximate constituents of the oil. In order to facilitate 
the explanation of the results, Henriques’ analyses are given on the 
next page. 



tABLE SHOWING ANALtSES OT COMMERCIAL B0BBEB 
SUBSTITUTES. 



White Substitutes. 

firowo Substitutes. 


A 

B. 

C. 

. A. 

B. 

Sulphur in the substitute . 

6-4 

6'17 

8.25 

16.48 

1771 

Uhlotine „ „ . . 

6-0 

5-86 

8-88 

0.7 

0.36 

Water „ „ . . 

0*85 

1-0 




Ash in the 6ut»tituto 

0-8 

SM 

— 

_ 


Percentage of fatty acids . 

90-46 

73.58 

_ 

_ 


Sulphur in the „ „ . 

6-12 

6-45 

8-16 

14.14 

15.20 

Chlorine „ „ „ . 

0-88 

0'43 




Iodine value of the substitute . 

80-9 

31-0 

82.6 

428) 

42.0 

ft M •• iatty acids . 

91-8 

91-2 

102.8 

129.0 

125.6 


The determination of the sulphur of substitutes involves the 
same precautions as rubber. Oxidation by nitric acid, followed by 
fusion with an alkaline oxidising agent, alone yields concordant 
results. To estimate the chlorine, nitrate of silver was added to the 
nitric acid, so as to avoid all loss by volatilisation of the hydrochloric 
acid. After alkaline fusion, the whole is digested in water, the in¬ 
soluble silver compounds are separated (generally metallic silver)^ 
and the sulphur is estimated in one portion of the liquid as barium 
sulphate, and the chlorine by titi-ation with nitrate of silver and. 
sulphooyanate. As already mentioned, oils solidified by aulphur 
chloride absorb only insignificant quantities of iodine. Sample A 
in the table, for example, gave an iodine number of 7’2 (Hiibl), and. 
this number is only apparent. The feeble iodine absorption is partly 
due to the product being almost insoluble in chloroform. By 
frequently agitating the finely divided substitute in suspension in 
that liquid with excess of iodine solution, and leaving it in contact 
for twelve hours, Henriques obtained from sorts A and B, table, 
iodine values of 30'9 and 81. Compared with the iodine values of 
the drying oils used to make these substitutes, these figures are very 
low. Sulphur chloride seems partially to saturate the free valencies 
of the oil as much by its chlorine as by its sulphur, possibly by its 
chlorine alone. Substitutes treated with ihdine, in chloroformm 
'solution, strongly retain the metalloid, and it is necessary in the* 
;baok titration by thiosulphate to stir energetically and for a long time, 
so as to destroy all iodine in excess. 

, Substitutes are completely soluble in alcoholic soda, vide $upra. 
In this reaction, the chlorine is almost eliminated, whilst the per¬ 
centage of sulphur in the fatty acids corresponds exactly with the 
percentage of sulphur in the substitute. However, the proportion of, 
fatty, acids found is always lower than simple saponification wouldi’: 
simply, even taking into account the elimination of the ohlodne^ 
>Thu8. Samnle A have 90 ner cent.. Samnle R nnlv 74 nnr eant 









fatty acids. A portion of the oil and a corresponding qnantily 
sulphur must thus have undergone a different transformation. 
The liquid from the saponification contains much chlorine but no 
apparent sulphur nor sulphuric acid, sulphuretted hydrogen noi 
sulphurous acid. But on evaporating these liquids in presence of 
the excess of hydrochloric acid added to liberate the fatty acids to 
the point where hydrochloric acid fumes begin to be given off, the 
presence of much sulphuric acid is demonstrated. It would seem, 
therefore, that the sulphur chloride with the assistance of oxygen 
borrowed either from the air or the substitute itself, transforms 
a portion of the oil into a sulpho-oleic acid analogous to those pro¬ 
duced in the manufacture of turkey-red oil. In all substitutes made 
by Henriques these sulpho-oleio acids were formed, in greater or 
less quantity, with a consequent diminution of substituted fatty acids. 
These concomitant reactions are difficult to regulate, for even when 
working under apparently identical conditions, he obtained variable 
proportions of insoluble fatty acids. As saponification eliminates 
chlorine from the molecule of the substitute, it was to be foreseen 
that the isolated acids would appreciably absorb more iodine than 
the substitutes from which they were derived, whilst the ordinary 
fatty acids yield, as is known, an iodine value approaching that of 
the oils from which they were derived. In fact, the iodine values of 
the fatty acids are almost triple those of the substitutes. Little is 
known of the action of sulphur chloride (SjCl^) on fatty oils. Warren 
asserts that drying oils yield solid masses with sulphur chloride in¬ 
soluble in carbon disulphide, whilst the non-drying oils yield products 
soluble in that solvent. 

Stolmann, in the last (German) edition of Muspratt's “ Diction¬ 
ary,” writes that these "results are unreliable, as olive oil—the type 
of the non-drying oils—is transformed by sulphur chloride into a 
rubber-like mass, insoluble in ether. Sommer’s patent speoificatiop 
as well as Henriques' results, formally contradict Warren's asser¬ 
tions. If a sufficient quantity of sulphur chloride be added to a 
fatty oil, the two liquids soon mix. Energetic reaction soon sets 
in, with great evolution of heat. The mixture froths, rises, gives off 
vapours of sulphur chloride, with a little hydrochloric acid and 
sulphurous acid gais;* after a few seconds the whole becomes con¬ 
verted into a solid, elastic, scarcely tacky mass that can be gtpund 
and crushed under the pestle. Exposed to the air, the mass loses' 
the excess of sulphur chloride used and the adherent hydrochloric 
acid; it then resembles in every way commercial white rubber 
substitutes. If one or other of the reagents, or both, be diluted 
with a ireutral solvent, carbon disulphide or benzol, the reaction 
is longer in being manifested, its violence' is moderated, but the 
tfinal result is the same. The substitute is a little more porous in 
consequence of the volatilisation of the solvent. That is- how the 
;,naction goes on in presence fd a sufficient quantity of sulphnr 
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i^^Ori^e. In the contra^ case, along with a less disei 
heat, a pasty, tacky residue is obtained, which even a long time 
afterwards, whether in the hot or in the cold, does not solidify. The 
•quantity of sulphur chloride required to convert an oil into a solid 
substitute varies with the nature of the oil, according to Henriques’ 
experiments thus :— ^ 


THE NUMBER OP LB. OP SULPHUR CHLORIDE 
REQUIRED TO CONVERT 100 LB. OP DIPPERENT VEGETABLE 
OILS INTO WHITE INDIA-RUBBER SUBSTITUTE. (HENRIQUES.) 


100 parts of 
oil of 


Linseed 

donop-ioid 

/, £ V A, onllrl 

Cotton 
Olive 
Castor 


duct with 


Parts S..CL. ^ 
25 
30 
20 
40 
20 
18 


but do so 
well witli 


Parts SjClj. 
30 
35 
25 
45 
25 
20 


Pheso figures show that there is no relation between the drying 
properties of oils and their aptitude to solidify under the action of 
sulphur chloride. Having fixed the proportions of sulphur chloride, 
Henriques prepared and analysed substitutes with linseed oil, rape 
■oil, and poppy oil bases, and with a mixture of equal parts of linseed 
■oil and rape oil. 


TABLE SHOWING ANALY.SES OP SPECIALLY PItEPARED 
SUBSTITUTES. 



A. 

B. 

C. 

D. 


F. 

G. 

H. 

‘ I. 

Sulphur in the subjtitute 

9-84 

4-78 

8’28 

6'59 

7'68 


4*82 

10-6 


Cbloriue ,, 

Water „ 

Ash in tlie suUtitute 

8-84 

3-02 

4*85 

0-86 

7-62 

0-95 

7-44 

— 

0-70 

8*95 

5-36 

0-0 

0-0 

0-0 

0-0 

0*0 

0*0 

0*0 

0-0 

diO 

Percentage of tatty aoids 

79-6 

1-67 

86 89 

87 95 

74-90 


86-35 


Sulphur In tbefe acids . 

9-83 

4-oe 

8 ’34 

8’54 

8*32 


6*32 


6>44 

Chlorine ,, „ 

Iodine value of the sub- 

Traces, 

0*«0 

Little. 

Little. 


- 

0-26 

Traces. 

Traces. 

stitute 

56-3 

62‘6 

32-6 j 

29*9 

33-6 

42-8 

85*2 

21 *9 

an-Ji 

Iodine value of the aoidx 

ltf0*3 

141-2 ‘ 

101 -.4 ■ 

.02-8 

133-3 

129-2 

136*22 

143*5 

91-6 

Acetyl 1, . 

21-0 

19*6 

81-0 ! 

— 




105-6 

61-3 


«li -j *'*■ D, Oxidisedrape 

Ml. h, Oxidi^wd poppy-soed ml. F, Mixture of oxidised luiseed and poppy oiU. G, 
D«tot oil with 0 minimum dose of ohioride of aulphor. H, dstor oU w^h a maximum 
dose of chloride of sulphur. 1, The oil termed solnole oaetor (oxidised colton-eeed oil). 


The results are given in the table. Neither of these substitutes 
tre analogous with the substitutes A and B of the previous table, 
products of English origin, of which it would be desirable to know 
ihe method of preparation. On the contrary, the commercial 
lample C (previous table) yielded, on analysis, figures so similar to 
hose of the rape oil substitutes C, of above table, that they may be 


* Another determination gave iodine value = 121-0. 
“Two other determinations gave 147 and ISS-I. 
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rightly regarded as identical. The iodine numbers of the fatty aoids-.^ 
isolated from substitutes show such wide differences from one kind, 
to another that agreement in the iodine numbers may be taken as 
proof of identity. Moreover, Henriques learned from ci manvfaclarer 
that the bulk of the substitutes made in Germany are made.from rape 
on. The distinctive character of the English substitutes A and B is- 
their relatively low percentage of sulphur, according to which only 
20 per cent, of sulphur chloride had been used to solidity the oil. 
With the exception of castor oil, only oxidised oils can bo solidilied 
with that proportion of sulphur chloride. 

Haw linseed oil, for example, which lequires at least 30 parts of 
sulphur chloride, S^Cl.,, to solidify it when it is fresh, only requires Ifr- 
to 18 per cent, when it has been heated tor some hours at 200° to- 
250° fJ. (say 392' to 482° F.). If the leinjjorature be pushed to 26(1'’ 
to 300' C. (482° to 572° F.), 10 per cent of SjCH snflices. A substi¬ 
tute prepared would run into 4’7H per cent, of sulphur and 4'85 per 
cent, of chlorine. All drying oils behave in this resijeot like linseed. 

oil. . , , 

Henriques thus identified the English substitutes with the pro¬ 
duct obtained by the action of sulphur chloride on oxidised cotton¬ 
seed oil, known in the English trade under the name of soluble 
castor oil, “ lardiiie ”. 

Broivn Substitutes. —These occur as deep brown, taoky blocks, 
sometimes in powder. Analysis shows a greater quantity of sulphur 
than in the substitutes previously examined. But chlorine is almost 
entirely absent. They are undoubtedly obtained by heating oil with 
sulphur. They also dissolve in alcoholic soda; the soap, treated by 
an acid, disengages appj’eciable quantities of sulphuretted hydroyen , 
the isolated fatty acids, however, contain a smaller proportion oi 
sulphur than the substitutes from which they were derived. 

Their iodine value and those of their fatty acids is rather high; a 
mixture of hemp-seed, rape, and linseed oil, or a mixture of linseed 
and rape oil, is used in their manufacture. Henriques did not pur 
sue the examination of these substitutes, which are much less inter¬ 
esting from the scientific point of view. To ascertain whethei 
vulcanisation of rubber, sophisticated with substitutes, influenced th( 
percentage of chlorine*in the product, Henriques examined a numbe; 
of manufactured rubbers containing substitutes, and always fount 
chlorine in appreciable quantity. As no other chlorinated compounds 
with one exception, are used in the manufacture of rubber, we ma; 
conclude that the presence of chlorine in the alkaline alcoholie extrac 
of a rubber is due to the use of a white substitute. Quantitative tests 
however, showed that the proportion of chlorine in manufacture! 
rubbers is much less than that which corresponds with the quantit; 
of substitute added. Thus, in two samples the percentage of suh 
. stitute of which came out at 63 and 12 per cent., Henriques foun- 
; Only 0-5 and 0 37 of chlorine, whilst calculating on an average c 
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[.i pw dent, oblorine in the substitute, Eenriques ought to have found 
S'7 and 0'9 per cent. Cl. On vulcanisation, a portion of the chlorine 
Is therefore disengaged either in the form of sulphur chloride, or 
as hydrochloric acid. If alcoholic soda extracts an appreciable 
quantity of substance from rubber, and the extract contains no 
chlorine, we can decide whether the rubber is mixed with brown 
•substitute or contains a fatty body. The fatty acids liberated from 
substitutes contain slightly less sulphur than the substitutes them¬ 
selves, Those of brown substitutes generally contain more than 10 
per cent. If, therefore, the fatty oils have not absorbed sulphur 
during vulcanisation—if they have not by the heating itself of the 
rubber been converted into substitute—we should be able, by isolat¬ 
ing the fatty acids from the treatment with alcoholic soda, and by 
estimating their percentage of sulphur, to distinguish between the 
addition of an oil heated with sulphur and an ordinary oil. In order 
to solve this point experimentally, Henriques heated rape oil with 
excess of sulphur for several hours at a temperature of 130° to 135° 
C. (366° to 276° F.), the highest temperature reached in vulcanisa¬ 
tion. The oil dissolved large quantities of sulphur, which for the 
greater part recrystallised out on cooling. After filtration the limpid 
oil was saponified, and the fatty acids separated. Finally, the latter 
were dissolved in 90 per cent, alcohol to separate the precipitated 
sulphur, and the sulphur was estimated in the acids thus purified, 
in which were still deposited some crystals of sulphur after filtration. 
Found sulphur = 0'98 per cent. 

The quantity of sulphur so found may be neglected when com¬ 
pared with that which brown substitutes contain. The problem to 
detect in a rubber the presence of white substitute, brown substitute, 
or an ordinary fatty oil, and to estimate them therein, may therefore 
be regarded as solved. The presence of notable proportions of 
chlorine points to the addition of white substitute. The estimation of 
the sulphur in the fatty acids liberated from the alcoholic soda ex¬ 
tract decides between brown substitute and a fatty oil. The method 
is at fault if a rubber contains all these three categories of substance 
simultaneously, but evidently that occurs very rarely, 
t The following diagrams show the chemical constitution of white 
substitute (1) before, (2) after saponification :~ 

( 1 ) 

X - CH - CHCl - y 


( 2 ) 

X — C =* CH — y 


X - GH - CHCl - y 


X - 0 « CH - y 



CHAPTER XIII. 

■HME OF DRYING AND CHEMISTRY OP DRYING PROCESS. 


ChbvreuIi was one of the first to experiment on the rapidity of 
drying of linseed under varying conditions. The accompanying two 
tables speak for themselves:— 


TABLE SHOWING TIME TAKEN BY (1) RAW LINSEED OIL, (2) LINSEED 
OIL AND WHITE LEAD, (8) LINSEED OIL AND WHITE ZINC TO DRV 
ON DIFFERENT IMPERVIOUS SURFACES. (CHEVREUL.) 



Linseed Oil. 

Total. ! 

I 

Linseed Oil an<i 
White Lead. 

1 

5 

I I 

1 

s 

2 nd Coat. 

3rd Coat 

Day.9. 

Days. Days. 

Deya 

Days. 

Days. Days. 

Oioes . 

3 

6 4 

13 

8 

2 2 

Copper 

6 

7 6 

17 

2 

2 2 

Brass ^ 

2 

6 6 

12 

2 

2 2 

Zinc J 

3 

5 5 

13 

3 

2 2 

Iron . 

3 

6 4 

13 

3 

2 2 

Lead . 

4 

6 a 

12 

4 

2 2 


Linseedl Oil and 


White Zinc. 



•i 



8 


1 


o 

r 


a 

f. 




Days. 

Days. 

Days. 

Days* 

4 

8 

3 

10 

2 

4 

4 

10 

8 

4 

8 

10 

4 

3 

8 

10 

8 

3 

8 

9 

1 

4 

4 

9 






TABLE SHOWING THE RAPIDITY OF DRYING OF DIFFERENT COATS 
OB FILMS OF LINSEED OIL. BOTH RAW'AND BOILED WITH 
AND WITHOUT DRIERS OP DIFFERENT KINDS AND ON DIF¬ 
FERENT SURFACES: A, B, C, OAKWOODj I). B, F, G, GLASS. 
(CHEVREUL.) 




A ~ row linseed oil teeted agalnit B. ' ' ’ 

B = row linseed oil boiled lor 8 houn. 

C •> row linseed oil boiied lor 3 hours with A: per cent. <K litharge, wUcb; 

shows that heat does not sot by iteell alone as the litharge-treated' 
I dried 7 times more rapidly. 






THB‘MAlSBPAC®t®H’ OP TABS19B|1S, • 

/D •= roil) linseed oil. 

S B = raw linseed oil heated nht higher than 70 to 80° C. for 0 hours. It will! 
“C be seen that it dries better on glass than the raw oil 1). 

5 F rule linseed oil heated to 70 to 80° C. with 10 per cent, o! manganese 

E peroxide; the oil then dried in half the time it took in E. 

G = raw linseed oil boiled with 10 per cent, manganese peroxide. The • 
® time occupied in drying was increased compared with F. 

To prevent surface drying, which would stop the liquid underlayer 
from ahsorbing oxygen, Mulder urged the need for spreading the 
oils out thinly. He spread 3 grammes of oil over 220 square oenti- 
metres (about 0'015 gramme of oil per square centimetre). He noted 
the following increases:— 

O.XYGEN AliSOKFTION, I’EU CENT., AND TIME TAKEN BY VARIOUS- 
SAMPLES OP LINSEED OIL TO DRY WHEN SPREAD OUT IN. 
LAYERS OF DIFFERENT THICKNESSES. (MULDER.) 




TIjukuoss of Film. 


ISiyi. 

jng. per sij. cm 
U.vygi'n AlwnrptioH, 
per Cfiit 

3 mg. per sip cm. 
O.vygei; Absorption, 
per Cent. 

3 mg. per sq. crn. 
Oxygen Absorption, 
per Cent. 

1 

1 1 

_ 

1-2 


i 2 

— 

4‘3 

— 

1 

0-05 

7-3 

0'2 

' 4 

— 

IM 

— 

5 

0-1 

— 

— 

6 

— 

16-6 

_ 

7 

— 

10-j 

_ 

8 

— 

171 

4*9 

10 

0*5 


— 

IH 

— 

Ul-4 

— 

14 

— 

— 

170 

15 

2*3 

— 

— 

18 

— 

U1 

17-7 

' 21 

— 

— 

— 

I 22 


— 

18-1 

' 24 

— 

12-4 

— 

26 

— 

— 

181 

i 29 

10-5 

— 

— 

I 32 

— 

18-2 

— 

36 

10-7 

13-6 

17'7 

39 

— 

— 

— 

43 

10-3 

— 

16-3 

46 

- . 

11-2 

— 

50 

10-2 

— 

16-8 

58 

— 

11-2 

• — 

64 

— 

— 

15’3 

71 

— 

— 

15-3 

88 

10-0 

— 

— 

91 

— 

ID'S 

— 

109 

— 


16-8 

112 

106 

— 

— 

115 

— 

’ 100 


255 



14-7 
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With regard to column I. of table. Owing to the length of time 
occupied by the experiment no comparison can be made. Mulder 
took the figure 10-6 as correct, even though he found much higher 
numbers in similar experiments (see columns II. and III.). Mulder 
did not overlook that the thicknesses of the films (columns I. and II.) 
are completely different, so that in the plates with closely agreeing 
end results, 10‘6 and lO'O above given, the lower layer of the film is 
untouched. This is quite correct, and was duo to the thickness of 
Mulder’s films. In the case of column I., with thick layer the maxi¬ 
mum of 10’6 per cent, was attained in 88 days, and in the case of 
column II., with the thinner layer, in 8 days with 17'1. This maxi¬ 
mum meant nothing to Mulder, neither was it of any importance in 
a third research (column III.) which he undertook. The experiment 
was made on linseed oil treated with conn. H^SO^ (column III.). It 
will be seen how the oxygen absorption decreased during Mulder’s 
protracted experiment. He believed that sulphuric acid saponifica¬ 
tion had occurred and tested the linseed oil for free fatty acids by 
shaking it with alcohol and precipitating the solution with lead 
acetate ; he only got a very small precipitate. Moreover, he found 
no difference although the dried linseed oil was darker. Ue tried to 
explain the decreased absorption by assuming that, normally, oleic 
acid is volatile; here, from an absorption point of view, it formed fixed 
oxidation products. He therefore ascribed the increase in weight, 
during the drying of the linseed oil, to oxygen absorption, and the 
decreasfi in weight that followed, to the escape of volatile substances 
therefore the apparent oxygen number of the oil was 11 per cent. 
Mulder made a similar experiment with his linoleic acid. With a 
film of thickness of 24 milligrammes per sq. centimetre, in 28 days he 
found an oxygen number of 17’9, with 29 milligrammes in 23 days he 
found 20. The linoleic acid by that time had, moreover, become 
solid, but viscous and tacky. 


TABLE SHOWING OXYGEN ABSORBED PER CENT. BY WEIGHT BY 
LINSEED OIL WITH AND WITHOUT DRIERS. (MULDER.) 


Oil Alone. * 

* IncreAse in 
Weight, per 
C^t. 

Oil Plus Drier. 

Increase in 
Weight, pOT 
Cent. • 

Poppy-seed . 


Linseed and manganese 
borate 

12-1 

Watent.... 


LioHeed and litharge . 

12-6 

liinseed 

ll-S 

„ „ red le^ . 

13'2 


' ■ In a later experiment a so-called boiled oil was used containing 
' 2-6 per cent. PbO. The air issuing from the flask was first passed 
^ . through calcium chloride tubes, which retained (1) water, (2) formic, 

3fe.:..'.voL. L ' 17 
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^ and (8) acetic acid, then through soda lime tubes to absorb (4) CO,. 

• Air was passed through the oil for 2 days with the following result 

Increase in weight of oil.0*92 per cent. 

Found H,0, CH,0„ OjH^O,.1-06 „ 

.,00,.018 „ 

Quite different results were found when the air was passed over 
the oil for 23 days;— 

Increase in weight of oil.2'03 per cent. 

Found H,0. CHA, 0,HA.«■ 

„ CO,.0-B7 ., 

The ratio of the absorption (increase in weight) to the loss in 
weight is 1 to 1‘36 and 1 to 1'163. The ratio of 

H.,0 + CH,0, + CjHp, to CO, 

is 6'9 to 1 and 4-8 to 1. From such wide differences as these it must 
be concluded that the nature and amount of the volatile substances 
differ under different experimental conditions. 

Kissling passed a stream of dry air free from CO, through lin¬ 
seed oil at 100° C. (212° F.). The air on exit passed (1) through a 
vessel containing cone. 11,80, then (2) through another containing 
caustic soda solution. The daily increase in weight throughout was 

Of the oil.0-41 gramme. 

„ H,S04.0-39 

„ NsHO. 007 „ 


The last figure was estimated by titration and calculated as CO,. 
Small amounts of formic and acetic acids were also found. Mulder’s 
and Kissling’s results show that the loss in weight is greater than 
the net increase in weight. Fahrion suggested the net increase in 
weight as the apparent oxygen number, analogue of the iodine num¬ 
ber. It must be reoognis^ that the net increase in weight is only 
apparent; this is brought about by a correction to the true oxygen 
number, viz. the total amount of oxygen entering into the reaction 
expressed as per cent, of oil. It is thus evident that the true oxygen 
number can only be determined gasometrioally. Mulder estimated 
the apparent oxygen number thus; He coated tin plates of 250 sq. 
centimetres or 150 sq. centimetres with a film of linseed oil and left 
them exposed to the air. The plates were weighed from time to time.' 
Mulder gave the increase in weight in absolute numbers. At the end, 
of the experiment the sum of the negative numbers was deducted 
from the positive numbers, and the difference calculated to per cent 
•of originM oil, the increase in weight being defined as apparent 
oxygen numbers. Fahrion, better to appreciate Mulder’s 
calculated them to per cent, of oil. 

Tht Oxidation and Consequent Drying of Linseed OH on Porouf 
Media .—^There was a long lapse of time from Mulder .till 1883, 
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Aohille Livaohe brought forward a new method. Chevreul had de-' 
scribed long before how linseed oil spread on such impervious media 
as sheet-lead, dried quicker, also on porcelain, glass and gypsum, 
whilst sheet-copper, zinc, brass, iron only slightly accelerated the 
process. Livache replaced sheet-lead by lead in powder. 

Experiments with Copper Powder to Replace Livache's Lead 
Powder .—Hubl recommended copper powder in place of lead powder, 
which he claimed gave results corresponding better with the iodine 
number of the oil. But Weger has shown that such a comparison 
between the oxygen number and the iodine number is impracticable. 



Fig. allowing grapkicaUy the effect on the rapidity of drying and oxygen absorption 
per cent, of weather, temperature, percentage of moisture in surrounding air 
andVxygen content of the superincumbent atmosphere on one and the same 
sample of oil tested at somewhat lengthy intervals. 

In any case, copper powder seems to be at least as effective as lead 
powder. Lippert’s experiments at least prove it. The test is made 
thus: On a glass basin, 10 to 12 centimetres diameter, 8 to 10 grammes 
of commercial copper powder, sometimes covered with a slight film 
of cuprous oxide, and then without stirring, 60 drops 0'6 to 0'7 
gramme of linseed oil was dropped on to it. If more or less be 
taken, other numbers will be found. However, working as above, 
two comparative estimations may be made, the results of which agree. 
The maximum increase in weight is determined on the second, third, 
or fourth day. The following are the results of five experiments:— 


TABLE SHOWING THE RESULTS OP FIVE BXPEEIifENTS ON^ 
, OXYGEN ABiOBPTION BY COPPER POWBEB. (LIPPBRT.) 


Oxygen Number. 

Flanders 
Varnish 
Linseed Oil 

The Same Heated 
rapidly to 

806“ d (681° F.). 

Indian 
Linseed 
Oil, Old 

Dutch 

Varnish 

OU. 

Dntcb 
Linseed OU, 
Raw Fresh. 

!■ 

m 

11-4 

17-4 

IT'S 

14- 8 
16-6 

15- 7 

9-1 

17 6 
17-4 

1-2 

12-5 

19-8 










PEBOENTAQE OF OXYGEN ABSORBED BY DIFFERENT STRIPS OF CHAMOIS EXPOSED TO THE AIR AND IMPREG¬ 
NATED WITH DIFFERENT OIIiS AND COMPARED AGAINST A BLANK STRIP. 


260 “ 


THE MANCFACTimB OF VARNISHES. 
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Lioache’a Precipilated Lead Teat .—^The conversion of a drying oil 
into a solid elastic substance iadue to absorption of oxygen. Linseed 
oil absorbs 14 to 16 per cent, of its weight, and it is easy to directly 
measure the quantity absorbed by imbibing in the oil a little spongy 
metallic lead, well washed and dried in vacuo, obtained by precipitat¬ 
ing a lead salt by a zinc plate; the whole is exposed to air as long 
as the weight varies; the increase in weight indicates the amount of 
oxygen absorbed. By this process, when conducted with the neces¬ 
sary precautions, the quantity of oxygen absorbed by any sample of 
linseed oil may be rapidly ascertained, and, whether a pure oil is 
being dealt with or an adulterated oil, or an oil already partially 
oxidised, in all cases it can readily be asceitained whether an oil 
corresponds with a given sample. 

This reaction ought to draw the attention of practical men, be¬ 
cause samples are often met with which, although equally genuine, 
take longer time to dry. Now, the precipitated lead test, it is 
claimed, indicates the difference in duration of the time taken by the 
oil for complete oxidation, and thus predicts beforehand the way in 
which any given oil will dry when applied to an appropriate surface 
on the large scale. 

Proceaa .—One gramme or thereabouts of the precipitated lead is 
weighed in a tared watch glass, then 0'5 gramme of oil is spotted 
upon it drop by drop, spacing out the drops that a little dry lead 
rests between each of them. At the end of 2 days the following re¬ 
sults were noted in regard to oils in column 1. The oils in column 
II. showed no results during the first 2 days. The figures in the 
column are the increase after a week:— 


I. Oil. 

1 

1 Increane, })«r 

1' Cent. 

1 

n. Oil. 

i 

j liicreafie, jxjt 
! (Jeut. 

Linseed 

u-s 

Colsa . 

2-9 

„ fatty acids 

Walnut. 

110 

Sesamum 

2'4 

7*9 

Earth-nut 

1*8 

Poppy-seed . 

6-8 

Hape 

. ! 2-n 

Cotton-seed . 

5-9 

Olivo 

. i 1*7 

Beech-nut . 

:i. 




Livache’s method is described in all textlxxjks with multifarious 
proofs. However, there can be no room for doubt that it is far from 
reliable; moreover, according to circumstances it gives very variable 
results. This was pointed out as far back as 1888 by A. Cheneorier, 
whereupon Livache replied that the method only gave correct and 
^mparative results by strict adherence to the instructions, 
i Jean has tested Livache’s method with fish oils in dry air under 
bell jar with HjSO^, with the following results:— 
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Oil. 

Increase In 
Weteht, 
per Cent. 

Oil. 

increase in 
Weight, 
percent. 

Whale . 


8-26 

Menhaden . 

5*45 

Japanese fish 


8-19 

Sperm .... 

1-63 

Cod-liver 


6-38 




Lippert found for linseed, by Livaohe’s method, higher oxygen 
numbers than given by Livache himself, viz. for fresh raw oil 17 to 
18, in one case 19, for aged oil 15 to 16. 

Weger tested Livache’s method against the same oil on a glass 
slab by itself, and also on a glass slab with both red lead and litharge 
as driers respectively. He found that the amount of lead in Livache’s 
method must be increased in order to get a sharp maximum. 


- j 

Increase iu 

Insoluble 

Soluble 




Fatty Aciils. 

Fatty Acid.s. 

i 








Final State of the Sample after 


- - 

*' 



— 

1 *■ ■ 

2 Years. 


After 1 

After 2 

After 1 

After 2 

After 1 

After 2! 


Year. 

Years. 

Year. 

Years. 

Year. 

Years. 1 

Dbyino— 








XiiDHeed 

** 

lO’S 

7-0 

44-3 

38'2 

40'9 

60-2 

At first dry, becomes slightly 








1 viscous. 

Walnut 

1)*4 

7'C 

44*8 

45-4 

40*!) 

37-6 

! At first dry, becomes slightly 








1 viscous. 

Poppyseed 

8'0 

6-3 

51'4 

44-4 

33-0 

42-3 

^ At first dry, liquifies perceptibly. 

Ootton-seed 

: 6*3 

4-6 

61-7 

1 57*6 

80*9 

31-9 

( 71 II IS 

Beech 

6-1 

5-0 

64-4 

66’2 

25'6 

39-1 

„ „ sticks to the finger. 

JON-DBYlSa-! 








Oolsa. 

6-0 

5'3 

70'7 1 

09-1 

25-6 

261 

Solidified, transparent, sticks to 








1 the finger. 

Besamum . 

6-2 

4-8 

7fi'8 

68-7 

22-2 

250 

Solidified, transparent, sticks to 








the finger. 

Barth-nut . 

5-7 

5'6 

72’5 ! 

66-6 

24*5 

29-7 

Very thick, but remains viscous. 

Bape-seed . 

S'8 

5’i 

77-2 1 

76’8 

15-6 

19-4 

Solidified, transparent, sticks to 




i 




the finger. 

Olive . 

5-3 

S’7 

73-1 1 

66'2 

15'6 

28-9 

Very thick, bnt remains visoouk; 


? Conclusions.—A. The oxygen acting on the drying oils, trans 
forming them rapidly into solid products, or on the non-drying oils 
' slowly turning them rancid, converts a part of the insoluble fatt; 
acids into soluble acids. In the course of time this transformation 
of which the extent is proportional to the drying capacity of th< 
. particular oil, increases in a continuous way, and the fatty acids aftei 
oxidation are changed into homologous acids of lower atomic weight 
I B. After two years non-drying oils approached very peroeptibl] 
^ the appearance and composition of drying oils after a single year 
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This action is relatively slow under tite conditions of the preceding > 
experiments, but the same result would probably be obtained more 
rapidly if the non-drying oils were placed under conditions in which 
they could absorb oxygen more rapidly. In certain cases these oils 
are then converted into solid products. 

Bishop's Silica and Rosinate of Manganese Test. —1. Ten grammes 
of oil are weighed in a capsule, and 2 grammes exactly of manganese 
rosinate added. The capsule is put into the water-bath, stirring it 
from time to time until the complete solution of the rosinate, from 
5 to 10 minutes being sufficient for this. It is then cooled. 

2. One gramme of silica is weighed in a flat-bottom capsule with 
a little glass stirrer. By aid of a dropping tube, a quantity of oil, as 
near as possible approaching 1’02 grammes (i.e. 1 gramme of oil 
plus 0-02 of rosinate), is let fall drop by drop over the whole surf^. 
Both the weight of oil and total weight are noted. The oil is mixed 
with the silica by the stirrer, so as to have a divided mass, perfectly 
homogeneous, covering the whole bottom of the capsule. This is left at 
17° to 25° C. in the case of drying oils, at 20“ to 30° C. for non-drying, 
and weighed after varying periods; e.g. 6 hours, 16 hours, 22 hours, 
i.e. 3 times in 24 hours. After each weighing the surface is 
renewed by agitation with the stirrer. The degree of oxidation is 
furnished by the maximum increase multiplied by 100 when 1’02 
grammes weighed exactly is used. Using pure linseed oil and the 
same oil with 2 and 4 per cent, of rosinate the following were the re¬ 
sults. The linseed oil had a specific gravity of 0-9322 at 15° C., and 
the temperature ranged throughout from 20 to 25 C.: 


Increase per Cent, 
at the end of 

Drier 

Added. 

2 per Gent, of 
Rosinate Added. 

4 per Cent, of 
Rosinate Added. 


0 

12-35 

11-10 

90 

0-50 

15-65 

15*50 


0-80 

15-85 

15-80 

30 »♦ 

2-50 

16-25 

15-.30 

lA , 

7-30 

15-65 

14-90 

72 „ 

15-00 

14-65 

14-10 

Qfi 

16-40 

15-15 

18-60 

ion ,, 

15-80 

14-05 

18-20 

144 „ 

, 14-90 

13-75 

18-20 

ifift 

■ . 14-30 

18-35 

13-20 

288 ., 

14-00 

18-25 

13-10 . 


These experiments decisively showed the energetic action of man 
ganese rosinate as drier, as this salt produced the total oxidation o 
the oil 3 or 4 times as quickly as in operating with simply dividrf oil 
It also confirms thq conclusions of Cloez and Mulder, Bauer 
iHazura and Livache on the formation not only of solid products bu 
;^so of volatile products. If the oxidation is too strong, as when ■ 
^>r Mnt. of rosinate was added, a final result is obtained very muol 
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more quickly and at the same time a feebler absorption, this being 
explained by the formation of a higher proportion of volatile products. 
In the experiments that follow, therefore, 2 per cent, of rosinate was 
used:— 


TABLp; SHOWING THE EFFECT ON DRYING OF FILMS OF LINSEED 
OIL TREATED WITH 2 PER CENT. OP ROSINATE OF MANGANESE. 




LiiiHetii! Oil ContiiiDing 5 

InercaHu iwr C'«nt. at 
the Bud of 

Pure Liunppti Oil. 
S|)©citlc Gravity 0'9322. 
Tenijxirature 17” to 23® C. 

jwr Cent, of Rosiu Oil 
and 5 per Cfut, of 
Mineral Oil. 

8p(‘eitic Gravity 0*9323. 
Tem|K?ratuTe 17° to 23° C. 



0 hours 

13-50 

11-50 

22 „ 

l«-80 

14-80 

24 „ 

16-40 

14-00 

30 „ 

lC-20 

14-80 

48 „ 

15-SM) 

14 60 

120 „ 

14-80 

13-80 


The influence of temperature is very great, and it is well with 
linseed oils not to exceed 28° C., but above 17° C., so as to effect the 
oxidation as quickly as possible. The experiments showed also the 
inferiority of exotic linseed oils of a low specific gravity, and also 
showed that it is possible to establish by comparison the inferior 
quality due to clever adulteration. 


TABLE SHOWING THE OXYGEN ABSORBED ON DRYING OP FILMS 
OP VARIOUS OILS treated WITH ROSINATE OP MANGANESE. 


Oils. 

Specific 

Gravity. 

Average Degree 
of Maximum 
Oxidation. 

Ratio 

17 05 

FreDch linseed .... 

0-9327 

17-05 


Linseed from La Plata 

0-9304 

15-20 

1-12 

Hemp-seed..... 

0-9287 

14-40 

1-18 

French poppy-seed . 

0-924 

14-20 

1-20 

Gommerci^ walnut . 

0-924 

9-70 

1-23 

Bomargariuated ootton-seed 

0*923 

8-45 

1-80 

Non-demargarinated oottou-soed 

0-924 

8-fiO 

1-98 

Senegal sesamum 

0-9216 

8-70 

1-96 

Indian „ ... 

0-921 

7-40 

2-30 

African earth-nut . . / 

0-916 

670 

2-64 

White „ ... 

0-916 

6-50 

2-62 

French colza .... 

0-9142 

6-40 

2-66 

Indian „ .... 

0-9137 

5-85 

2-91 

Olive. 

0-9155 

6-30 

8-21 


Bishop claimed that the degree of oxidation can therefore be used 
to control the iodine number, and that in many circumstances it was i 
even capable of replacing it. In fact, he adds, in Edition to its great j| 
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simplicity and the minimum coat of carrying it out, which makes it’ 
a very practical method tor the industrial laboratory, thts melhodfur- 
nishes very often a more rational and mmt complete vidKalum than 
the Hiihl number, as it permits many minor interesting details to be 
noticed. In consequence, this process serves to fix the value and 
establish the nature of the identity of an oil, whether taken separately 
ur compared with a typo. Moreover, it may be applied »’ ‘I'® ^ “ 
of certain mixtures, not only of oils among themselves, but also of 
eomineroial products, such as lard and alimentary fats, which oftei 

contain very variable quantities of vegetable oils. ““f; 

instead of oxidising directly either the melted and clarified fat or the 
fluid part extracted by pressure, the liquid fatty acids may be opera ed 
upon, separated from the solid acids by Halphen s process. The o 1 s 
saponified, the soap dissolved in water, and precipitated with acetate 
of lead. The lead soap is extracted with ether, and the ethorea 
solution of the lead salts of the non-saturated fatty acids is precipi¬ 
tated with weak sulphuric acid. Indications still more interesting 
and more precise are obtained by taking the iodine value before and 
after oxidation. The determination of the degree of oxidation gives 
results in immediate connection with the value of the oils for certain 
of their industrial purposes, and, as has been shown, certain’ falsi ica- 
tions can be detected by the process. Moreover, it will show whether 
recently crushed or old tanked oil is being dealt with. 


TABLE .SHOWING WEGElfS EXPERIMENTS ™ HKYraG LINSEU 
OIL FILMS BY LIVACHE’S METHOD, AND ^^SO AS MADE INTO 
PAINTS WITH LITHARGE AND RED LEAD RESPECTIVELY. 


By Livache*8 Method. 
Increase in Weight. 


_ Increase 

i per Cent. 


1 

2 

3 

4 
8 
6 

7 

8 
18 
42 
83 
88 


11- 4 

12 - 2 
12-4 
12-6 

12- 9 

13- 8 

14- 8 

17- 2 

18- 1 
20-4 


The same Oil 
Spread on a 
Glass Slab. 


Ked Load Paint Film. 

I The same Oil with 6'6 
I Grammes of Red Lead 
' to U‘3188 Gramme 
of Linseed Oil. 


Increase 

Bays. ; 


Ijtharge Paint Film. 
The. same Od with 10'4 
Grammes of LUharge 
to 0'4!I10 Gramme 
of Linsi'eil Oil. 


I „ Increase 

Days. , 



2-00 
11-30, 

13- 04 

14- 32 
14-27 
14-21 




tlks 'd$' 


5^'j§.' i . 

r ' tlT 

f 


W6g6T found »uc ivjiuwiu^ oiusurpiiiuu ttuuiiiiuxi figures:— 

TABLE SHOWING WEGBB’S EXPERIMENTS IN TESTING DRYING 
OP RAW AND BOILED OIL FILMS WITH THEIR OXYGEN 
ABSORPTION FIGURES. 




Maximum 

Oil. 

Day*. 

increase, 
per Ceut. 

Hape>8eed 

7 

7-6 

Olive 

20 

6*2 

Pine-seed 

29 

10-5 

Palm kernel . 

1.9 

0-8 

Air>blown rape .. 

15 

7-7 

Hemp . 

iAi 

18-4.18-6 

Poppv-aeed . 

Wood (various) 

13-4 

13-4-15-9 

Indian linseed 
Commercial lin- 

4j-a 

ie-8-17-3 

seed 

44-8 

17-18-7 

English linseed 

4 

lO-MO’O 

Old tanked linseed 
Indian linseed 

3 

16-1-15-7 

(heated for a short 
time at 160® 0.) . 

c 

17-0 

Indian linseed 



blown (cold) 
Indian linseed 

8 

16-7 

blown (hot). 

5J-6.) 

8-2.9-3 

Stand . 

18 

IM 

Tiiiokenod 

18 

10-7 


oa. 

Days. 

: Maximum 
Increase, 
per Cent. 

1 

Electro boiled 
Commercial boiled 
(H^’drated oxide 

lJ-2 

16-1-16-7 

of manganese) .; 
Commercial boiled j 

1-2 

14-7-14-8 

(litharge) . . ^ 

Boiled linseed pre¬ 
pared with 3 per, 
cent, of rosinate 
of manganese in 

16-24 

hours 

14-61-14-8 

the cold 

Boiled linseed pre¬ 
pared with 8 per 
cent, of lead man¬ 
ganese rosinate in 

24 hrs. 

14-7-16 

tlte cold 

The same after 18 
months’ exposure 


17-2 

to the air . 


10-9 

Boiled rosin oil 


•23-3 


Weger thus found Livache's method defective. The lead powder 
increased in weight of itself, therefore this method is unreliable. 
Moreover, the amount of lead powder prescribed by Livache—ten 
times the quantity of drier to oil—must be taken; hence 0'2 gramme 
of oil requires 2 grammes Pb. Again the method is not proof 
against atmospheric influence, and the weight is not constant for 
weeks. Yet Livache considered the reaction ended, remained con¬ 
stant once or twice. Between 2 and 20 days the increase in weight, 
ds less that 1 per cent., but the weight increases later on. The fol¬ 
lowing table shows the oxygen numbers obtained by Weger;— 


Increase lu Weight. 

English 
Linse^ Oil. 

Paint 

linseed Oil. 

Indian 
Linseed Oil. 

Varnish <MI. 

1 d&y . 

13-7 

11-6 

11-4 

. 12-3 

2 days . 

14-1 

11-9 

12-2 

18-0 

10. 

16-0 

12-8 

18-8 

14-0 

58 „ . 

18-9 

17-3 

18-1 

18-3 

85. 

21-3 

20-2 

20-4 

20-7 













Weger tried to replace lead powder by other sabstanoes, litharge., 
ind red lead. 

I’ABLB showing the oxygen carrying capacity op various 

FINELY DIVIDED SURFACES. 


Oxygen No. 

Paintew’ 
liuseed Oil 
Alone. 

Painters’ 
linseed Oil 
on 

Copper. 

Painters* 
Unseed Oil 
on 

Bratmetoin. 

Paluters' 
Linseed Oil 
oil 

3ea*san<l. 

1 day 

2 days 

8 „ 

4 „ 

0-9 

1-3 

0-7 

9-8 

18-0 

18-3 

17-4 

9-4 

11-8 

IM 

2'3 

1-9 

0-2 

Borries 

also tested Livache’s method. 

He took, 


KUnders' 
liiutMd Oil 
on 

S«i-wnd. 


1-7 

1-4 

0-.4 


original instructions. 1 gramme ot lean powaer. mr o. u v. 
gramme of linseed oil. In 24 hours he obtained an oxygen number 
of 13-9 in 51 hours 15-5. He tested a great number -of pr^ucts, 
zinc dust, chalk, borax, lead chromate, lead peroxide, oxide of iron, 
powdered wood charcoal, coal dust. They gave almost 
very slight increase in weight. Copper oxide after 1 ^ 

5 days 13-5. Potassium permanganate, after 1 day, 10 4 , after 

days; l'l-7; after 5 days, 12-1. After a longerperi^ 

ate itself changed in weight. Barium peroxide after 24, 48, 5b, 72 

hours 4’4 14-2 14‘7 14-6. Manganese borate (left in air until of 

rnstknt wirght)! 1. k 4. 7 days. Vs, 11-5, 1P6 12^3. Platinum 

black after 1, 2,4, 6, 7 days, 6-3. 11’2, 13-5, 14-3, 15 0. Brauni 

1 day 15-2; 2 days, 14-4. ‘ Lead powder in an atmosphere of oxygen 

gave no higher results than in air, in 56 hours 16-9, of 

must be deducted for a blank test. Lead powder and linseed od in 

an atmosphere of CO^ gave only a slight chanp 

air gave a perceptible acceleration in one experiment after J hour, 10 40. 
however, lead itself increased in weight. It is well known in 
Livache’s method the lead acts as a carrier of oxygen to the oil, 
whilst it is also evident that other substances do not possess this 
property even when fluely divided, yet the carrying of *e oxygen 
of tto air is in the ordinary Livache process very circumscribed, bu 
better results are obtained when the air has access to the oil on.aU 
sides. This principle seems first to have been recognised by A. Vogel. 
He drenched cotton-wool with olive oil, and hung the cotton-wool so 
treated in the air, and found in three months an oxygen absorption 
-'Of 3-7. Fahrion used pieces of chamois leather, which he soak^ 
' with a weighed quantity of oU and hung up in the air. But the 
highly hygroscopic nature of. chamois leather necewitoted ‘be de- 
!«J«ermiLtion of its moisture content and also that of ‘be “r. This 
Refect is onlv partially remedied by a blank experiment. 


The 
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crease in weight after 6 weeks was 11'6 per cent, for lint--- 

giving an oxygen number of similar magnitude to Muldfer’s. Again 
Mulder emphasises the defect of too thick films, and urges that only 
small amounts of oil should be used in testing. Yet free linoleic acid 
even |in thick layers, gives higher numbers. In a porcelain basin, 
tared with a glass rod, 3 grammes of cotton-wool were soaked with 
9 grammes linoleic acid, and with occasional turning over, left in the 
air. The maximum increase in weight, in 8 days was 13‘3 per 
cent. Steonberg used filter paper to subdivide the oil; 0'9 gramme 
of boiled oil were distributed over a piece 13 cm. long and 11 cm. 
broad, say 6 to 7 milligrammes per square cm.; the paper was rolled 
up and loft in a teat glass on foot, protected from dust under a largo 
cork-stoppered beaker glass. The increase in weight was determined 
daily. Stoenberg made no experiments with pure raw oil. In his 
boiled oil research, extending over a week, he found oxygen numbers 
of over 18. However, in a test with linoleic acid separated from 
soap, therefore partly oxidised, there were found after 1 day, 0; after 
3 days, 13’2 ; and after 5 days, 15'7 per cent, increase in weight. It 
is not to be denied that the above method does not meet the practical 
requirements, where linseed oil is mixed with pigments in a thin 
layer spread over a surface, and under the influence of the oxygen of 
the air hardens only on one side. 

This method of working was correctly known as plate tests, and 
their chief fault, according to Mulder, was that the film was too thick, 
yet no one tried to use Mulder’s method with thinner films. Experi¬ 
ments in this direction were begun by Weger in 1897, but were held 
over by a publication of Weger. The latter used tin plates, 18 centi¬ 
metres long by 10 centimetres broad, weighing 56 grammes. More¬ 
over, 1 centimetre round the plate was left free, the remaining surface 
was coated with oil, and the plate with oil-free border placed at an 
angle of 30° for about 10 minutes. The excess of oil collecting at the 
bottom is removed by bibulous paper and the border carefully cleaned. 
Then the plate with the oil-free border is placed on the balance and 
rapidly weighed. The oil, which has been previously removed from 
the other side, may during weighing flow back; absolute uniformity 
of the oil film is never attainable. The plate must be carefully 
cleaned for the test. It must be free from dust, to prevent flaws in 
the coat, and cracking. The tin plate method requires a room with 
a uniform temperature, and the plate is protected from dust in a 
glass case with ventilation holes. The gross weight of the plate is 
doubtful, so it must be weighed very exactly. On this account, 
Weger selected aluminium plates. They had the benefit of aluminium 
weighing but little, 3‘5 to 5 grammes, but losing greatly on washing 
with lye. Finally, Lippert chose glass plates only 2 millimetres 
thick and 2’5 to 3'5 grammes in weight. He reckoned that tho 
axygen number was influenced by temperature and other cirpum* 
stances, and that the method is unfit for comparative tests. The^: 
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chief critical point ie. finally, the moment of the greatest incroaflo in 
weight. This moment is generally termed the drymg-pomt. Lippei I 
made many tests on boiled oil and obtained oxygen numbers up to 
19 If these tests are interesting the tact remains that *e lowei 
layer was uninfluenced. But these were much thinner. Mulder 
prescribed 0-7 and 1-2 per sq. centimetre. Lippert in his last re¬ 
search, used pure raw linseed oil, which gave the following oxygen 
numbers:— 


1 day 

2 days 
8 

4 

5 
G 

7 

8 


0 

0-5 

l-G 

J2-C dry 

14- 4 

15- 4 
15*4 


After 8 days the weight decreased. In this test the drying-point 
occurred long before the maximum increase in weight. 
plates He attained greater orientation in his experiments and also 
found greaLr increase® A paint oil on a glass plate gave the follow¬ 
ing increases:— 


Af Jor 24 hours 
„ 3 days 
.. 6 .. 

,. V „ 

.. 9 » 


Per Cent. 

. 7-0 

. 14-9 
. l‘J-0 dry 
. 20-6 
. 20G 


Weger tried to replace glass slabs by lighter material. Gelatine 
paper, felluloid, hard gum, were quite unsuitable, ^hen shee^metaj 
Ls less faulty, but the thickness of the coat was no 
the result inaccurate. Mica plates behaved well, but were reatlily 
damaged Weger therefore went back to glass plates; them weig 
was about 25 gmmmes, the measurement of the coated ^ 

80 sq. centimetres, the weight 25 to 70 
0-9, on an average 0-4 to 0-6. milligrammes per sq. 

O-I milligrami^ more or less on 0-4 to 014 per cent, of the used o 
speaks for itself; therefore a good balance “ 
ttogs Any trace of dust is to be avoided, and the plate must b 
scrupulously clean; when it is not left long enough in the balano 
ers'^may occur in weighing, also if before weighing it b. 

rubbed with a cloth. , innroanpB th 

Temperature hastens the rapidity of drying and 
weight L to oxygen absorption. The same od m ‘ibud 

' w^er gives a different increase in weight from bright wan 

ti. 
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weather; the hi^ucr tne lemperarare me Jess is me increase i 
weight, although more volatile matter escapes. The longer an o 
takes to dry, the greater is the necessity to repeat the twt. Th 
chief difficulty rests in the fact that the correct maximum increase i 
weight has to be guessed. Sometimes it happens that the oorre( 
increase in weight remains constant for 12 hours or for several dayi 
In other oases, a very rapid increase in weight occurs. Chemict 
equilibrium, according to Mulder, is attained by this end; inoreas 
is generally never attained until the change in weight shows n 
more true increase in weight. The hard drying of the film—tha 
IS, the moment when it resists a strong pressure of the fingers—is, witl 
the maximum weight, spoken of as the drying of the film which ligh 
pressure with the finger no longer affects ^ to 1 day earlier. By ban 
drying Weger means, however, the outer half of the film. Wege 
concluded that the average oxygen absorption number of linseed oi 
was 18 per cent., and that seems correct, as Mulder found 17-1 anc 
18-1. Weger expressed the result of the drying process graphically 
the time formed - the absciss®, the increase in weight, the ordinates 
The experiment with Indian linseed oil gave 



All these curves at first form a gradual, then long continuous rapid 
rise, then a gradual maximum, a longer or shorter stay at this 
height, then a seemingly abrupt fall, and in the end a continuous 
slow fall. 

Weger found lower figures than Mulder, but at 18° filtration 
Imoleio acid still contained solid fatty acids, whilst Mulder’s was 
prepared by the Warrentrapp method, or long cooling of the alcoholic; 
iolution, freed from fatty acids. Finally, Weger subjected linoleio' 
wid without treatment to oxygen absorption and thus prevented any| 
partial autoxydation. '* 
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TAB^ SHOVraO THE OXYOElif ABSOBPTION OP THE MIXED ' 
FATTY ACIDS OP LINSEED OIK___ 

The same Linoleie Acid 
Filtered at 18“ C. from the 
Solid Remaiador. 


Oxygea Absorptioa. 


Conuaercial Liaoleic Acid. 


1 day 
IJ daya 

2 .. 

? :: 
t|:: 

6 ,e 

?l;; 

8 

16 .. 
21 „ 
25 
29 

48 „ 

60 „ 


9-6 

10- 9 

11- 5 

11-9 

13- 0 

14- 0 
14-4 

18-4 

134 


18-6 


14'5 

15- 2 
14-4 

16- 6 
14'4 


16'6 

16'6 

12-8 




Driers.— Vieeer'a assertion that manganese and lead alone acted 
as driers, was extended by Meister to all metals, but especially to the 
two first, and cobalt driers after 50 years have again come >"‘0 
Again a certain metal content gives a maximum result, and these 
maxima are with different metals proportional to their molecular 
weight. He tested 17 metals in that way, the precipitated rosinate 
was prepared, and 2 per cent, of the dried preparation fseolv^ m 
Three months- old La Plata oil at 150» C. (302“ F.) and the boil^ 
•oils so obtained were tested on glass slabs for their „ °.£, 

tion in 12 hours and time of drying. The results gave the following 

grouping 

'TiRTir SHOWING POK THE METALS WHOSE SYMBOLS ABE 
^^mE MhJnP dSIiN HOURS. AND MB PERCENTAGE OF 
OXYGEN BY WEIGHT ABSORBED IN 12 HOURS BY FILMS OP 
lSS oIl™ AiNlNG IN SOLUTION 2 PER CENT. OP THE 
' respective metallic EOSINATE8. __ 


HeUL 

Time of 
Drying. 
Bonn. 

Absoration 
per CJent 
by Weight 

Metal 

Time of 
Drying, 
Hourt. 

Abtorphoa 
p« CeDt. 
by Weight. 

Mn. 

Pb . 

Zn . 

Ca . 

Co . . 

> Ou . 

1 Si . 

12 

26 

30 

82 

36 

46 

60 

76 

76 >. 

17-4 

9-4 

65 

6-0 

6-9 

4-9 

41 

2-9 

- ; 4-7 ,• 

Ni 

At 

Mg 

Ba 

. 8n 

Or 

Hg 

Bi 

BawOU 

• 77 

76 

86 

86 

87 

96 

116 

U7 
“ 121 

81 

4-7 

2-8 

24 

2-6 

2“0 

1-7 

1-8 

0^8 ■, 
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The results with Hg and Bi are not quite reliable, as during solu¬ 
tion of the mercury-rosinate a portion of the mercury was volatilised, 
and much bismuth-rosinate did not dissolve completely in the oiL 
The driers with (o) lime and (h) zinc rosinates are the most interest¬ 
ing, as both these bodies, first by Chevreul, ^nd then by Mulder, and 
latterly by Weger, were denounced as driers. Attempts to use fused 
pr^ipitated zinc-rosinate prove it most intractable. 

Comparative Increase in Weight dxte to Oxygen Absorption of 
(a) Linoleic Acid without a Drier, (b) with Drier. —More recently 
Pahrion made two parallel experiments, one with linoleic acid pure 
and simple, the other with linoleic acid in which a certain percentage 
of lead linoleate was dissolved, so that the lead content equalled 1 per 
cent. Pb. In two porcelain basins, tared with a glass rod, 3 grammes 
of cotton-wool were saturated with about 9 grammes of linoleic acid, 
and allowed to stand at summer temperature. Tbe basins were 
weighed daily at the same time, with the following results;— 


TABLE SHOWING INOKEASE IN WEIGHT UUUING DHYING OF (a> 
LINOLEIC ACID ALONE, (6) LINOLEIC ACID CONTAINING 1 PER 
CENT. Pb. 



Witliout Drier. 

Witii Drier. 


Grammes. 

Per Cent. 

Grammefi. 

Per Cent. 

Weight of the linoleic acid . 

8-877 

_ 

9-278 

_ 

I day increase in weight 

0-012 

0-1 

0-119 

1-8 

2 days „ „ . . 

0-048 

0-5 

0-519 

5-1 

8. 

0-282 

3-2 

0-950 

10-3 


0-694 

7-8 

1-233 

13-3 

6. 

0-879 

9-9 

1-856 

14-6 

c „ ,. ., . . 

1-006 

12-0 

1-416 

15-8 

** H • •’ 

1-160 

13-1 

1-416 

15-3 

8. 

1-181 

13-3 

_ 

_ 

9 „ „ . . . 

1-161 

18-1 

— 

— 


Ethylio “ linoleate,” the combination of the ethylic esters of the 
fatty acids of linseed oil, prepared by partial saponification, was 
tested for its oxygen absorption, using aluminium plates. The fol¬ 
lowing results were obtained:— 

TABLE SHOWING COMPARISON OF OXYGEN ABSORPTION OF LIN 
SEED OIL AND OP ETHYL LINOLEATE MADE THEREFROM. 


Oxygen Number. 

Linseed Oil. 

Ethyl linpleate. 

After 1 day « 

0-8 

2-0 

„ 2 days . 

2-7 

3-7 

.. 8 „ . . . 

7-6 

6-2 

„ 4. 

18-5 

90 

.,5. 

16-8 

10-8 

„ 6. 

16-55 

12-4 

7 ,. . . . 

Decrease 

18-6 

.. 8 . . . 

— • 

18-6 

n 9 „ . , , 


Decrease 














A« a sequel to Borries' work, Gen the started a series of researoM^ 
to estimate the true oxygen number. Discarding plate tests, ha 
always used a known thickness of film. In spite of this Genthe 
never appears to have differentiated Iretween the true and the ap¬ 
parent oxygen number. His experiment was as follows : A piece of 
filter paper 10 centimetres wide, .30 centimetres long, was folded 
and bound together by glass and india-rubber bands. The diffusing 
distributor so obtained was coated with linseed oil, 0 300 gramme, 
therefore 1 milligram per sq. centimetre, and laid in a flask of 1200 
cubic centimetres capacity with aluminium hydrate, hung from hook 
attached to the stopper. The volatile decomposition products were 
absorbed by solid KHO or by asbestos-divided caustic potash lye. 
A monometer passed through the perforated stopper and paraffin oil 
used as indicating fluid. In a second flask a blank experiment: 
was conducted without paraffin oil. The reaction was represented 
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graphically, the time as abscissa!, and the cubic centimetre of paraffin 
oil as ordinates. The ouives assumed the S form. At the close of 
the reaction there was always a long but uniform oxygen absorption, 
then the curve finally passes into a straight line. Instead of air, 
oxygen was used, so that the reaction was hastened only to a 
small extent. By covering the flask, in broad daylight, with black 
paper, the reaction first started in lb to 20 days, and ended in -50 
days. , 

A similar experiment was made without using potash and gave a 
corresponding result, only the ordinates were 10 per cent, smaller. • It 
must not be forgotten, therefore, that the true oxygon number is 
only 10 per cent, higher than the apparent. Of the substances, 
volatile at the ordinary temperature, only COj entered into Geuthe's 
experimental results, and many of these, in Mulder's experiments, 
Tormed one-fifth to one-sixth of the total volatile substances. 

In broad daylight the reaction sets in well by the second day , 
,jp^d lasts 8 to 10 days, sometimes more; under the circumstance 
m the experiment 3 to 7 days; readings were taken morning and - 
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;*^e found on an average for the true oxygen number 

»■ - , ... 2i-6 

In diflused daylight , . • • • • ' 26'8 

In Uviol light at ordinary temparatute . . . • ^ ^ 

„ at 98' ait. 

at98»0 . . • • • • • • 

It has been seen that Weger calculated the 
nrdinarv li«ht found the apparent oxygen number a,8 
^Z^ent over-estimated^ Genthe himself notmes the gr^t 
Sffe^ence and that the oxygen numbers of 
comparative matters. It becomes ‘ r 

the ^ration is conducted and bow the 

a‘zr:“l2irc’^»:h 

basins intervened. 



I. 

11. 


— 

— 

Increased weight of linseed oil . • • ■ 

.. M ■ • ; ■ ■ 

Total 

0-058 

0-048 

■ o-ibi ' 

0-061 
0-088 
■ 0-089 ' 

yVeight of the oxygen calculated from tho Tolumo 

* .—----- 

0-099 

0-090 


m. 


0056 

OHMg 

bW 

0-098 


The agreement between the two hrst experunems « -y ^ 

.hi o” ftTiwS l™. wh.,. to ..W ~«l>» ”• 

from' the ^ 


17-7 

88-7 


11 . 111 . 

17 0 18-8 

29.7 82-8 


Apparant oxygen number . 

True .. 1 ’ • • ■ ' 

The agreement of the apparent 0 number with the feg^ 

evident that Weger’s calculated value IS too hig. 


:. pton^A 0 sorpiy>noj '■'Ajr containing 

he owne absorption trfoilemay^tebmflyd^ 

|(^e aots on linseed oU. ‘'‘® ®' 


(Stentbe atao ‘'‘® V^e^enced osone 

pae^ ozonisea ait 





a glass, tuoe orer a lum ot acseea on and leaa in powder and ) 
fonnd the maximum increase in weight to be 14 per cent. However, 
Molinare and Soncini found a greater increase in weight, viz. 30 per" 
cent., as the result of passing ozonised air into linseed oil direct. On 
condition that all the double links were saturated by the ozone molecule, 
they calculated for the iodine value of 171 the ozone value of the same 
linseed oil as 32'3. G. Fenaroli estimates the ozone value of linseed 
oil thus: He dissolves the oil in petroleum ether and transfers the 
solution into a Liebig's potash bulb, and then passes a stream of 
ozonised air or oxygen at the rate of 180 bubbles per minute at a 
temperature not exceeding 40° C. until saturated. In this way he 
found the ozone value of 34. Harries suggested O 4 instead of O 3 , 
and the formation of a double bond. On the other hand, the energetic 
oxidation of ozone cannot very well be accepted, as no volatile pro¬ 
ducts are formed in the reaction in question, and there is nothing to, 
show that the ozone is not absorbed as ordinary oxygen. On this 
point only the analysis of the ozonides and the oxyacids can throw 
any light. 

Tlie Chemistry of the Iteactions that Occur During the Drying of 
Linseed Oil. —Mulder’s work long remained practically unknown. 

Linoxin. —It was known that dried oil did not melt on heating, but 
charred, that it was then only very partially soluhle in ether (15 per 
cent. Schubarth), and that it dissolved in caustic potash lye. Mulder 
examined the subject by the aid of coatings on tin plates or on glass 
plates; after being left 3 to 4 months in the air, the dried akin was 
exhausted with ether which dissolved out the under layei'. 

‘Action of Sohents on Linoxin. Properties of Linoxin —It was 
thereafter, treated with ether, alcohol, and water, and the residue, 
termed linoxin by Mulder, was dried over H, 3 SO,,. Mulder obtained 
linoxin as a solid white amorphous mass, more or less elastic like 
leather or gutta-percha, heavier, and insoluble in water, alcohol, and 
ether. It is also insoluble in chloroform and carbon disulphide, 
but swells greatly therein. On digestion with a mixture ot alcohol 
and chloroform it passes into solution. In turps it becomes resinous, 
but does not dissolve. In caustic potash it dissolves with a red colour. 
In ammonia it dissolves on long boiling. 

Action of Heat on Linoxin. Liberation Sf Acrolein. —On heating 
it ip coloured red and gives off a piercing odour of acrolein, which is; 
due to the combustion of the free linoleic acid, and is not produced 
from the glycerine. The combustion of linoxin (Mulder) gave the 
formula as CjjHhO],, and on the dry distillation of linseed oil 
linoleic acid anhydride, C^jH^^O,, was obtained, so he regarded 
linoxin as the oxidation product of the anhydride of linoleic aeidi 
He assumed that the dried oil (a) first split off the total glycerine^l 
(b) that the solid fatty acids, and (c) the oleic acid remained ni|^ 
changed, and were dissolved during the treatment of the dried film 
oil with ether. About 20 per cent, so dissolves^ Bnally the lin<^^ 
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*cid gave off water and then absorbed ox^^ti. The results o( tw’ 
following experiment by Mulder confirmed bis belief and the sound¬ 
ness of his views :— 

Lead Liiwleate. Its Composition and Properties. —He placed an 
ethereal solution of lead linoleate on a glass plate; on spontaneous 
evaporation of the ether a white film was obtained, becoming trans¬ 
parent in a few hoiu-s, and drying hard in a day. So as to weigh 
them the films were removed from the glass and dried over H,_,SOj. 
Analysis gave (Ci,jH.,,,0;),jPb. The tree linoxic acid, C,oHj„Oj or 
C 3 jHr,.jO,u, is differentiated from linoxin only by 1 molecule of water. 
In another experiment lead linoxate was exhausted with ether, 10 per 
cent, dissolved (lead oleate in Mulder’s opinion). The combustion of 
the insoluble lead salts gave for the corresponding acid 
which Mulder described as the anhydride of linoxic acid. 

JAnoxic Arid. —Free linoxic acid was prepared from the almve 
lead salts by decomposing the salt suspended in alcohol by H.jS, 
filtering and precipitating with water as a pure white substance, 
which changes to a colourless resinous mass. The acid can, in no 
circumstances, be crystallised; on heating it becomes blood-red. On 
treatment with a(jueous KUO or NaHO, the red coloration appears 
in the cold in white “ linoxic acid,” also dissolves in ammonia, and 


this solution becomes slightly coloured on boiling. The lime salt is 
insoluble in water and melts under KXl' (I. The magnesium salt 
readily dissolves in cold alcohol. The rod product was, by Mulder, 
distinguished from the white as red linoxic acid. 

IV7j(/e Linoxic Acid .—Another linoxic acid was obtained by the 
autoxidation of free linoleic acid exposed on glass plates for the air to 
act on it, until it showed no further increase in weight. The oxidation 
product was colourless, transparent, tacky, resinous. The oxygen 
absorption number was 17'5 to Combustion gave C,„Hj 30 „ - 
Mulder believed he had obtained a hydrate of white 
linoxic acid. From the formula he calculated the oxygen absorption 
number of 25'4. from which, deducting for oleic acid, the numbers 
found became 22 'fi, w'hich he accounted for by a slight oxidation. 

lied Linoific .icid .—Mulder states that the above acid loses 6 per 
cent, of water, on the water-bath becoming blood-red. The combus¬ 
tion of the red linoxic bcid so obtained gave On heating 

«t 110° C. this acid gave no water, but on boiling lead linoxate ^tith 
dilute HCl, red linoxic acid is obtained of the formula Cj^HjgO,, 
solid at the ordinary temperature, but soft and readily fusible, in¬ 
soluble in water, soluble in alcobM and ether, with a red colour and 


isn acid reaction. Mulder sought for a red linoxic acid which he 
^ijortld further examine, and thought he obtained it thus. It was 
on glass in a thin layer, and after frequent treatment with; 
l^ber placed in the open air 19 days. It was nearly colourless, and; 
Wined 6 per cent, in weight, that is about as much as the white 
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corner-gtone of big theory, obiained red linopo ftcid from linoxiii^^';: 
|;-EEe dissolted linoxin in KHO, precipitated the eolution by HCI* di^H" 
|iolved the precipitate in alcohol, and dried the reaidne by evaporatioi|;, 
^'at 100° C. Combustion gave CjjHjjOu. Mulder thought that the ' 

- linoxin, under the action of KHO, eliminated water, changing without 
' bye-products into red linoxic acid. He therefore decomposed the 
solution in KHO by dilute HjSO,, and distilled the filtrate from a 
retort. The distillate contained only traces of acids, the contents of 
the retort separated- on concentration into red flocks of linoxic acid, 
leaving on evaporation only KjSO,. 

Mulder Overlooked the Glycerine now Known to be Pretent in 
. Linoxin. —Mulder here overlooked the glycerine which linoxin con¬ 
tains in considerable amount, and which, in this case, must at least 
partially distil. We know how impossible it is to recognise that 
an anhydrous body such as linoxin could split up on treatment with 
aqueous potash, the contrary is more likely. The conclusion of 
Mulder's theory is the presumption that white linoxic acid changes 
to linoxin. It is to be observed that the former is tacky and oleo- 
resinous at first; when it has been months in the air it dries com¬ 
pletely, and, according to Mulder, it passes by elimination of water 
into linoxin. 

Collectively Mulder believed he had handled not only linoleic acid 
but also the following derivatives therefrom:— 

Linoleic acid C„H,8(3g = 

Linoleic acid anhydride G^„(), 

Red linoxic acid I. C-bHjjOj 

„ „ II. C.^,0, = cXa. 

White linoxio aoid C,jI^O, * C„H„Oi, 

. Linoxin Cj^„0„ 

The white and the red linoxic acid have the same composition, but: 
a different constitution. To explain the different proportions of water 
such often occurs with resin acids, and above all things, it is not- 
evident that an amorphous aoid can contain water in various stochio- 
metric proportions. In reality, Mulder’s formula is incorrect, and the,| 
above substances are mixtures pure and simple. j 

* Mulder’s Theory of the Splitting-of of dlyoerine being the 
iState t’n the Drying Process. —Mulder concluded that the first phase? 
iof the drying process is the splitting-off of glycerine. Dried linseed * 
'W was ^aken up with ether, 3M per cent, dissolved, of which 
per cent, dissolved in water. The substance was amorphous, icid^i 
^gnd non-volMile. It gave a soluble lead and barium salt, and reduce^ 
iFebling’s solution when wanned. Mulder regarded it as glyceric {ktsip 

CHjOH.CHOH.COOH 

^hnt states that to qnantity was small fm sneh an ‘ experiment. *53^ 
yater-insolulfle residue Whs imm irifltih at tto'otdiaar^ temn^ 



dso in aqneous soda. Solid fatty acids crystaftiw ou 0 ^ ,g,: 

grfution on cooling. In the air the above residue did not ^ , 

KHO did not turn red, proving the absence of hnoleic sold. The ! 

Mlt was partially soluble in ether. Oleic acid from the decomposition 
gave pure white fatty acids crystallisable from “^o*; . 

^ Glycerint first SplU-off from OUic Acui (Mtddtrs ^fyj- 
Mulder believed from the following expenm^ent that the 
of glycerine begins with the linoleic acid, whilst the oleic acid ““d the 
soUd fatty s^ are liberated later. Linseed oil was left ^glass 
olates only long-enough for a skin to begin forming. The partially 
Lidised linseed oil was shaken up with ethe^ the 
tion was completely insoluble in aqueous soda, whilst the oleic acid 
and the Solid fatty acids abounded in glycerine. 

Jcrylk Acid.~mth warm water the above residue left » 
vollle'^in steam, reducing Pehling’s solution which Mulder described 

unorystallisable acid, probably glyceric acid. On the basis of 
expSments Mulder concluded that during the process of drying 
•unlrgone by linseed oil the following 

i The Oxidation Products of tke Lrberated « 
and icrulic dcW-t.—First of all the glycerine is split off and oxidised, 
first into glyceric and acrylic acid, and later on, into acetic, formic, and 

Oxidation of the Free Olek AciA, PalnUtk and Jfrag 
Acids iZrt-Tbe free oleic acid is oxidised to a smaU «tent. wh.let 
ttie^lmitic and myristic acids remain completely unchanged, an 
nartiallv render the linoxln softer and greasier. 

^ 3. ke Elimination of Water and Absorplmn of Oxygem ^ Pr^ 
LinoUk icid.-La 9 tly, the free Imoleic acid splits off water, and 

Z^me'aiyZine Content of Linseed OU. Olyccnne Eest..^^^ 
theo?yVees at the pomt where 

j^r^ion numter of 111. oent.-exirted 

vS tooWc'tri^ceride.’ The linoleic acid was 
;;S be 76 pTLt. Now taking ‘ff 

sjBhydride, “Deduct from that thi 

fiwwntion of Sfe'3, say for 76 per cent. i^euuo* ^ 

of glycerine 8-2 per cent,, and we get the oxygen ® 

At Ae presently the milonlation contains two errors, ,on* 

ihe water' of hydration-, for which 8-6 

* The Pinal Staae of ihe 0mdatiott of Linsud OU and ^*”***7?^ 
Pfowss f—h»i.Mnlderl* a period of dnemwar rpi 





whefoe th« oxSfttion pastes inid'its second stage, not ia- 
yestigated by Mulder. He imagines it, however, to proceed thus. 
The oleic, palmitic, and myristic acids are oxidised to volatile sulv 
stances and the remaining coat breaks Up. Lastly the linoxin fol¬ 
lows suit, and is completely volatilised by oxidation and the film 
vanishes completely. 

Hauer and Haeura's lieeearchea Modify Mulder's Theories .— 
Mulder’s theories remained unchallenged for 20 years, until revised 
by Von Bauer and Hasiura on the basis of their work on linseed oil 
fatty acids, and by the aid of the methods of fat analysis described 
meanwhile. They then made the following general remarks;— 

The drying of oils consists in the absorption of oxygen and of all 
liquid oils, only the fluid fatty acids of oleic acid are non-drying, so 
it may be stated that the more slowly an oil dries the more oleic acid 
it contains, h'inally it is obvious that linolenic and isolinolenic acids, 
which contain six free valencies will absorb more oxygen 
than linoleic acid with only four valencies. An oil will dry bettor 
therefore the more the acid predominates. Finally an oil 

will naturally dry more slowly the more saturated fatty acids it con¬ 
tains. It is found in actual practice that an oil dries better the 
higher its iodine value. The experimental testing to confirm- 
Mulder's researches provided the following information—that the red 
linoxio acid, prepared from Mulder's lead linoxate, has still an iodine 
value of 61-4 and is in nowise the end-product of the autoxidation. 
Through ti-ee linoleic acid, separated by Warrentrapp's method, a 
strong current of air was passed. It became a very thick fluid s.ill 
showing the iodine numter of 38'5. The oxidised oil was aeetylated. 
It gave the acetyl No. of 184 G. The oxidised oil was finally exposed 
to the air in a thin layer at 40° (1. for 3 weeks. It was still tacky. 
The experiment was carried on at 80° C. for a week. The linoleic acid 
was by this time completely solid and no longer soluble in ether. 
However, it dissolved readily in KHO, and the solution gave, with 
H 3 SO 4 a yellow precipitate, which readily dissolved in ether. From 
the above experiments the following conclusions were drawn :— 

1. The Oxidation of Drying Oils does not Consist in Saturating 
the Free Valencies by Oxygen, but Oxygen is Interpolated Between ; 
C and H, and the Oxidation Product so formed which Contains 
the Alcoholic OH Group. —Hence Mulder in his white linoxie acid 
found a minimum of 61 per cent. C, so it is to be presumed that the ^ 
Oxidation of linolenic acid proceeds so that, first, three oxygen atoms, of ", 
.the three double bonds, are unsaturated and that then two oxygen atoms 
Hre absorbed; for a pentaoxy linolenic acid, CijHj^O;, fifhl per oent.'J 
G is calculated. Between the oxidation of the dried oil acids and^i 
ttieir salts there is no demarcation. The above-described behavioural 
of linoleic acid, during drying, can only be explained by the formar .| 
|on of anhydrides; what shape this formation of anb^rides tftkeaJ 
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of air leaves no soiia owaa^ivu ^ 7 -.-, 

in the drying process only linoleio acid, Ci 8 H 5 i.Os. and hnolenio acid, 
C H O., take part. Further, Bauer and Hazura do not beUevo that 
it’gives "’a red liuoxic acid, resulting from the molecular aggrega- 
tion of the white, but that by the action of alkalies or high tem¬ 
peratures, a small quantity of the so-called white linoxic acid is, 
decomposed, and the decomposition product yields the red colour. 
The preparation and testing of Mulder’s linoxiu was prepared accord¬ 
ing to Mulder’s instructions, dissolved in KHO, and the solution 
warmed with H.SO,. The acids so separated were syrupy, but wl- 
nble in alcohol and ether, and still gave the iodine number ot 29-1. Rie 
filtrate was agitated with ether, neutralised with caustic potash, and 
evaporated on the water-bath. The resi.lue was a syrup dissoimuated 
with crystals of K.^SO,. It was shaken w'lth absolute alcohol which 
left behind a thick brown syrup with a peculiar sweetish taste, 
insoluble in ether, readily soluble in water. It was roci^nised by 
further tests as glycerine, it amounted to 5 per cent, of the liuoxin. 
Therefore, liuoxin is not, as Mulder asserted, an acid anhydride, but a 
glyceride, the oxidation of which is incomplete. The glycerine is 
onlv partiallv split off and oxidised, probably only such as is combined 
with oleic acid, and solid -fatty acids, which in the form of their 
glycerides absorb oxygen. Instead of linoxin Bauer and Hazura 
Mbstitute oxylinolein; it is known as such, but the name is not 

Products of Lhwhic .Icid.-Kxperiments on the 
autoxidation product of linoleic acid were not instituted by Bauer 

The Preparation of Oxyacids from. Oil Oxidised by Snbdividmy 
Merfiam.—However, 'VV. Fahrioiy has examined this question mom 
closely, as he found a medium for separating the oxyaoids f™m the 
unoxidised portion in petroleum ether. \ linseed oil, oxidised by 
means of a subdividing medium prepared for comparison with a 
polymerised oil but not analysed, was saponified, and the mixed acids 
were separated and treated with petroleum ether. The oxyaoids re¬ 
mained behind as apparent thin fluid red oils, a combustion of which 
gave the following:— 
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ft split off, denvative of linolenic acid Ti,/ ^ u 
:^gii^ correspond well with dioxylinolenie acid, C.,H 0 H 
i- Tht Preparation of Oxidised Oti. Its Properties ke th„ 
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H. 
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1 0. 

C:B. 

Ifflins 

Number. 
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Ether insoluble oxyacids . 
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60-59 

7-64 

1 31-77 

18:27-2 

89-8 

Mulder’s white linoxic acid 

61-0 

9-8 

! 29-7 
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The ratio of the C to H, in Mulder’s figures, points to theaoid 
containing abundant hygroscopic water. The fibres 
Fahrion are doubtless inverted by a previous splitting off of water. 
Henee the figures pertaining to an anhydro derivative 
C,8H3„08 - HjO - CigHjsO,. 

so it is to be concluded that the belief of Hazura ?nd Bauer in a 
pentaozylinolenic acid, C.^H^oO;, being the end product of oxida^ou. 
U wide of Ue mark. Moreover, the latter goes far beyond hexahno: 
lenio acid, and therefore the acids under examination were s^oe*} 
homogeneous, and still abkirbed iodine. As will ^ 
further on, still higher oxidation products are possible. The mow 
Hnoleic acid is finely divided, the more readily is its autoxidatior 
'brought about. This is best shown by means of cotton-se^ oil which 
aocordiTig to Hazura and Griizner, contains no linolenic acid, only olei 
and linoleic. Naturally it takes longer to oxidise than lw«>ed oi 
'it requires a longer time or a higher temperature. In the same waj 
as linseed oU cotton-seed oil was oxidis^. and four ^ 

linoleic acids separated as raore oe less thick dark red oils. Analysei 
gave the following‘ 

THE ULTIMATE COMPOSITION OP FOUB DIPPEBENT OXYLINOLEU 
^ acids PBOM COTTON-SEED OIL. 


. . !lL_.— 

C. 

M. 

0. 

C:H. 

Iodine 
Number. , 

L . . . . . • 

n. . . - • - - 

HL . • . V . . - 

IV... 

Oalimtated to C„M)aO; . 

i, » fiaHuO, • • 

70-00 

87-06 

64- 89 

65- 85 
89-23 
62-79 

■ 

9- 91 
10-00 

9-34 

9-66 

10- 26' 

, ' 9«> 

19- 40 
22*94 
2607 
24-50 

20- 61 
27-91 

18! 80-8 
18:82-2 
18:83-0 
18:81-6 
18:82-0 
18; 82-0 

41-9 ' ! 
88-« 

82-6 

221 

81-1 

0 ; 

' •I-' 


lite »fio 0 ; a shows 1*at tMS tKyitca I. had splH ofif much wafe 
asiblT atie to the hi^r temper^** Bie oxidation of to ^s. 
Ss toCtofo^rattollia w 18; 33, wefind,tfotthose|I<^ 




pppii b^ween 4i-and Mra>&(ylitiolenio acid. It is naturally vi^ 
Jpffionlt from the combustion results and the iodine value of osj- 
^inoleio and oxylinolenic acid to come to any definite conctnsios. 
The theory as to polymerisation and the splitting-off of water « 
dealt with later on. The fact that iodine is still absorbed togethej 
with the combustion results gives rise to the further theory: That thj 
Satumtion of each of the double bonds of linolenic and linolic acid i| 
accomplished by successive oxygen absorption and that one of thj 
double bonds of linolenic and linolic acids are indifferent to thj 
oxygen of the air, and only affected by polymerisation. The proof ol 
this theory is still wanting. 

Now as various micro-organisms were found in poppy-seed oil, il 
may be that these minute organisms play a certain rOle in the drying 
of the oil. In that respect, R. Kissling showed that heating to 120“ C 
and the addition ol phenol stopped the absorption of oxygen. In re 
gat'd to the second stage of the process of (hying, some ideas of VV. F 
Boid are quoted. He placed some linsee(l oil skins in the air for 2 to f 
years. In that'time Reid claimed the liiioxin passed into a thick fluid 
which Reid termed sujteroxidised linseed oil. It is apparently darl 
coloured, heavier than water, almost completely soluble in alcohol 
very acid, forming with basic colours solid salts. Besides, during tht 
weathering and decay of outdoor paint, it plays a special r61e. Un 
fortunately Reid’s oil skins were evidently only half dry and no usefu 
deduction can •be made. 

Henriques experimented on the readily oxidisable ethyl limoleate 
The great rise in the saponification number during autoxirbitioi 
Henriques explained as due to the splitting up of the molecules witl 
formation of smaller molecules of fatty acids. That this splitting u] 
was doe to autoxidation he regarded as improbable, owing to th( 
slight increase in the acid number. He ascribes it to saponification 
chiefly on the ground that previously, in the treatment of aro 
matio alcohols, e.g. the cinnamic alcohols, C|,Hf,. CH: CH: CH.pH 
by saponification with alcoholic potash, he had obtained saponificatio) 
numhers. He was then able to isolate from cinnamic alcohol i 
yellow, amorphous resinous mass, which contained benzoic acid ii 
small quantity, but chiefly consisting of aldehyde and ketonic bodies 
Henriques treated lioth fresh and oxidis^ ethyl linoleate in the warm 
with phenylhydrazin diluted with acidulated water, and agitated thi 
solution with ether. The evaporated residue was in the first ca» 
N. free, and in the second case nitrogeneous. Henriques concluded tha 
dwing the autoxidation of the esters, first OH groups were fixed b; 
the double bonds and were then changed into ketone groups, or b; 
splitting off yielded aldehydes. Henriques came to another resnl 
with the autoxidation product of abietic amd. This acid is known b 
form the principal portion of rosin; its formula being ^ 

the present day well established, also that it contains two deQhli 
lioods. It is therefore the aromatic analogne of lintdic add.. . J 



h^Vea diiilarly auring 

Sle in petroleum ether. The petroleum ethp ineolu^ oxyabwtjp 
iMsid is present in varying amount in rosin it^U, and Hennquei 
Samined it more closely as an ester. He found a greatly increased 
wponiiioation number, which, in this case, could not be ascribed to 
ik splitting up of the molecules, as the sapomfaoation lye^om wbi^ 
the^oxyacfdsLparated showed no increased acid 
ihe results as speaking more of oxyabietio acid ' 

How Henriques has himself shown that unsaturated alcohols, like 
geraniol and linalol, behave to alcoholic potash in «■ 
stable manner than aromatic alcohols, like oiiinaraic alcohol. The 
'analogous conclusion an-ived at is. that the 

and oxylinolenic, behave like the aromatic oxyabietic acids, and that 

phTgh saponification value is due to the iinspht-off molecules of 

Iweak^acidgwups^^O, ^ j,„ijiished his autoxidation theory, 

.which he afterwards elaliorated with .1. Woisberg It consists m the 

action of atmospheric oxygen on “““^nk^^c^Son 

oxygen atoms but of oxygen molecules and the doub e-linkeil carbon 

aJm. It includes primaiy peroxides which have ^>>0 pro^'-^y 
parting with halt of the absorbed oxygen to another 
Mceptor. Under certain circumstances the unsaturateil *^|'y- J' 
autoxidator itself may act as acceptor functioning molecularly, later 
fiC^ the prlmar^ formed peroxide" When no acceptor is present 
then the peroxidi uses its active oxygen for an inner oxidation by 
fixing up a molecule. Instead of such absorption, polyraei isalion 
mav^oeem It follows, therefore, that autoxidation as well as poly 
merisation may occur simultaneously, viz. in the treatment of the 
unsatui-ated frii valencies. Ui the first instance by 
in the last instance by.the free valencies of each niolecule. n toth 
cases the unsatui-ated nature of the h^y is «;*' _ 

specially cofleerned the unsaturated fatty acids ^ 

l^lerLd Weisberg used Weger’s calculations as proof and gave a 
serfes of examples under the heading of direct autoxidation. T^J 
state that linse^ oil on autoxidation does not act 
absorbs molecular oxygen exclusively. 

•itaKtlv heating stronglV unsaturated fatty acids their behaviour to 

CH;CH.CH:CH.0:C(CH3)8 


which like linoleio acid contains three double bonds. It wag dis 
StS in bensol solution and shaken with air or oxy^n for 4 ^ 
Wv« bv which it separated a white amorphous precipi^. Uigh 
fcSriL of te^Sure hastened the separation. Theanalysi 
powed a diperoxidrC,H,A- explosive properbei 






JwbB heating ih ^trcAenaol and glacial acetic acid with chemioftl 
i^rption. In aqueous alkali it dissolves readily in the cold, but 
tinder decomposition. The diperoxide is very unstable, its explosive 
properties are in evidence even under the influence of light and sti^ 
more rapidly on heating. It melts between 120° C. and 130° C., b^ 
comes soluble in alcohol and cold acetic acid, etc. If a boiling benzol ’ 
solution of dimethylful veil be treated with oxygen the above peroxide 
does not remain as chief product but only secondary, soluble and non¬ 
explosive bodies. If the benzol solution be shaken with a solution of 
sodium sulphindigotate of known strength, the latter will require 50 
per cent, of its weight oxygen, which will be taken from the dimethyl- 
fulven. The diperoxide, C,H,|,0*, is thus i-educed in statu nascendi to 
a body CjHjjOj. As to the constitution of these bodies, Engler and 
Palkenstein believe the diperoxide to have probably the following 
formula:— 


0 , 




CH.CH;CH.CH.^.Vhj), 

so that on autoxidation one of the three double bonds remains. • 
/;oe<o»es.--Lewkowitsoh believes the increased saponification 
number of linseed oil on oxidation is due to the formation of lactones 
He tried to prepare these from the oxyacids by neutralisation witli 
aqueous lye, and agitated the solution with ether. This left a viscouE 
fluid, insoluble in alcohol, with the saponification number 3S'5, bul 
the decomposition of the saponifind Ijss yielded a body with the acid 
number 57‘4. Finally, the oxyacids containing the lactones gave s 
higher saponification number than acid number. Lewkowitsoh con¬ 
cludes therefrom the fresh formation of lactones, but Fahrion believes 
Senriques' laotonio acids nearer the mark. Lewkowitsoh then strongly 
asserts that the oxyacids are considerably more soluble in water than 
the petroleum ether acids. The latter give a slight ester and acetyl 
number, in which the presence of a small quantity of lactones and 
hydroxyaoids occurs. On the other hand, the probability is undoubted 
that the fatty acids from petroleum ether dissolve a certain quantity 
of oxyacids. 

V Aukmdation. —ln'1904 Fahrbn tried to bring.Engler's autoxida.‘ 
theo^ into harmony with the known process ol oil drying. That 
iH|lwed oil, chiefly as primary^ autoxidation product, liberates peroxide 
bln be eetablisli^ qualitatively. It was often shaken with water f<^ 
^'^ya and Idt in the open air, thdti a drop of dilute,sulphuric 
j^ded, filtered, and to the filtrate , potaaatum iodide and starch adfi^ 
P'deoi^ blue ooloratiou was prodnead,%bilat f blank tmt ttsnaii^ 
^lOurieae. Whah^e above ectj^erhnant WaS ri^iMted,aitdra week,^ 
ordiffluy ott .nni^^iln^, I 





aolomtion. The autoxidation products are very difficultly BCWWe,’ 
oold water. It was finally shown that Mulder's combustion figures’; 
lor linoxin correspond with a mixture of hexa-oxylinolenic acid and 
tetra-oxylinoleic tri-glyceride. 



c. 

H. 

0. 

Calculated for , 

61-0 

7-9 

38-1^ 

ti I) . 

6.S-9 

9-2 

20-9 

1 Mulder found. 

ea-5 

8-9 

28-6 


Linoxid is thus a mixture, in varying proportions, of above glyoerF 
ideh. Its formation was firmly ascribed to the splitting off of water, 
and finally it yields, on saponifioation, acids sokble in petroleum ether, 
and these, along with the petroleum ether insoluble oxyaoids, give 
considerable iodinC numbers, in which hexaoxylinolenio and tetraoxy- 
linolic acid absorb no more iodine. Linseed oil consists of mixed 
glycerides, and the oleic acid and the solid fatty acids are mixed up 
in the drying process, and are therefore present in the linoxin. The 
peroxide does not resist excess of alkali, without chemical change, so 
Se oxyacids are no longer to be regarded as the product of a molecular 
fixation of the original primary peroxide. The gi-eat variation in theSt 
oxygen, content is partially explained by successive oxidation, l»rtly 
by splitting off of water. Under this pint of weight, Fahnon claims 
that his combustion results are not in favour of Engler s theory, but of 
the lowest oxidised bodies, but at no time lower than that one molecule 
of oxygen has been absorbed. A polymerisation of the original prim¬ 
ary peroxide would, seem very probable, as with petone peroxide in 
two instances. It is presumed, however, that in -special oases a 
neutralisation of the double bonds, or a concatenation of the oxygen 
atoms, into a higher molecular weight is possible. This will ^ more 
' readily understo^ with the formula of hexaoxylinolenio acid before 

••XT. ^ • ■ 'k 

the eyes:— 

dH, . 0 . GO. C.H,4 .oh jCH . CH*. CH .GH. CHj. CH. CH. CHj ,Cf 
.0.6 6.6 o.p 

0,0 9-9 * ^ 

iiH . O . go . C,Hm‘. CH . cm . GH, . OH . CH . CH, MM . GH , CH, -CH 

■ ;v : 6.0 '‘f 

0.0 o«0 0.0 ; 

M. 0. CO; C,H„. 6 $. CH, C^, GH. CH. CH,. OH, OH. OHj i C| 

. AutiMiddtiofi Pefn-cMfea.-—Hluwn linseed oil oontAina^the free^^^^ 
mi a Jfellcv ajrrnp soluble in peticWp* 6n.ssponifioation |t,ii 

up, to:o%toll 





p^nde of lihofoaioaad lin'oleic aoidTs toMSIi^ 
lOnm etlwr, and that the fixation product thereof is in8olubl^t5i 
also takes it that the primary peroxides remain. Trials M' 
hem were unsuccessful. However, he has shown incontestably ' 
oxidation goes hand in hand with the increase in the moleoula • 
He heated linseed oil in a small beaker glass, covered by i 
leet aluminium, on which a glass cylinder for storing air wa I,, 
ir 300 hours at 135° C. Samples were taken daily and th ), 
ar weight taken, with ether as solvent. It rose in that tim > 
out 800 to 1400. The oxidised oil was a red-brown, completel > 
•ont, rubber-like mass. There is strong reason to believe tha ; 
merisation occurred during the above researoh, the molecula • 
did not at any time double, and the phenomena can be atr 
exclusively to condensation. Finally, Genthe* recognises i» 
reaction in the drying process, consisting in a, slow combus' 
he organic substance. A short notice of Fahrion’s researcl i' 
.utoxidation of rosin may find a place here. The autoxidatioi 
gave peroxide reaction and was insoluble in petroleum ethen 
position was a mixture of di-and tetraoxyabietio acid, 

Hj^O,,. On heating above 100° and treating with alcoholic 
:c acid, which is known not to etherify the COOH group,| 
m soluble derivatives were produced, with only slight agitation 
xla solution with ether of diminished acidity, 
r Fahrion isolated the original primary peroxide. The re- 
was mainly on linoleie acid, using cotton-wool as dividing 
. The product was first shaken with ))etroleum ether to re- 
e unoxidised portion. Then the autoxidised product taken up 
,er left it as evaporation residue in the form of a thick syrup, 
ins a considerable amount of active oxygen which it readily 
I KI in acetic acid solution. .4t the same time the product 
1 all the properties which Mulder ascribed to linoxin. .4bove ■ 
'8 it passes on heating, and by the action of alkalies, into red 
loid, changing the active oxygen content, apparenWy owing to 
ig of this peroxide on a ketoxic gi'oup:— 


I I 

cH-0 (;ho-h; 

I I I 

CH-O CO 


change can proceed without any change in colour, e.g. pro-' 
leating of white linoxic acid with dilute HCi; finally it is 
i on storing it a long time by itself. Therefore, red and white 
icid are distinct from each other, since the last consists 
r of ketoxic acids, whereas the latter contains active oxygen til 
cids. Mulder was, therefore, correct when he looked 

.* -.— J /t\_.a _-■ -V .•:.*a. Twv.-i. 
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Baner and Hazura were also correct when they described the red 
coloured acid as an unknown decomposition product. The production 
of potassium linoleate during oxidation, in neutral solution, points 
also to a ketoxy group. Similar products are formed during the 
fixation of white linoxic acid. Again Holde and Marcusson obtained 
ketoxystearic acid, C, jIl3.,0(0H)C00H. The petroleum ether portion 
of the autoxydation products contains active oxygen; finally, during 
saponification it becomes partially insolujjle in petroleum ether. 
White linoxic acid becomes ilming saponification partially soluble in 
petroleunj ether. These results are explained by the etherification of 
fatty and oxyacids. If linoxic acid be dissolved in soda solution, and 
this solution shaken with ether, the latter leaves a yellow syrup with 
the molecular weight GOO. Its formation requires 2 molecules and 
is explained by the following equation :— 

2 B(OH)(COOn) = HjO + ROH . CO . 0 . H . COOII. 

Thus the perfectly neutral anhydro-derivativo may remain as shown 
by. the behaviour of linoxic acid, and when heated alrove 100° C., it 
becomes partly insoluble in soda and ammonia. By saponification, 
the insoluble part becomes soluble in above solution. However, 
‘Mulder’s analyses of linoxin, with a saturation of the double bond by 
oxygen, still bolds good. But a series of Mulder’s and h'ahrion’s oxy- 
aeid analyses with the other data regarding linolenic acid and linoleic 
acid, show that a doubie bond always remains intact as in dimothyl- 
fulven. Autoxidation of linseed oil is not so uniform as that of lino- 
lenio acid. It leaves as chief product a still soluble yellow syrup with 
considerable, active oxygon content. 

Dried Linseed Oil — Linoxin. —Finally it yields the penultimate 
product of the autoxidation, insoluble in all solvents, linoxin. On 
saponification, linoxin gives a certain amount of solid fat, a proof, 
therefore, that it exists at least partly as glyceride in the form of mixed 
glycerides from the linseed oil, and, therefore, taking part in the 
drying process. Orloff found for a complete dry linseed oil residue 
an iodine number 14'1. It set no iodine free from an acidulated KI 
solution, yet it liberated active oxygen from an alkaline potassio- 
merourie iodine solution, from which an equivalent quantity of 
metallic mercury was liberated. In ether the dried oil was only 
partially soluble. To the soluble portion in virtue of his analyses, 
Orloff ascribes the following formula:— 

[CH,. CH,. CH. CH. CHj. CH. CH. CH,. CH. CH. (CH,),. C0],0 

, V A.-A V 

OtloS'a (onnula for dried linseed oil, soluble portion. 

Voik I. 19 
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. n the other hand, to the ether insoluble portion, also likewise 
from the linoxin, the following formula was given:— 

[CHj. CH,. CH . GH. CHj. CH. OH. (GH,).„. G0]»0. 

\ / I I 

0 0—0 

Orioft'a formula for dried liusoed oil, inioluble portion. 

These formula) contain a series of errors. In the first place, the 
ether soluble portion is more highly oxidised than the ether insoluble, 
the first was a derivative of linolenic, the second of linoleic acid, but 
their formula is comparable one with the other. B’urther, molecular 
as well as atomic oxygen was absorbed, and finally, dried linseed oil 
still contains glycerine. Besides, all these errors are capped by the 
fact that “ linoxin " is a mixture of several bodies, and therefore the 
establishment of any such formul® is quite impermissible. 

The chemistry of autoxidation during blowing of linseed oil must 
be much the same as during drying, only it is to be remarked that the 
primary peroxide at high temperatures is fixed, and that the splitting 
off of water is greater. I’ahrion found in an oil blown at 150’,C. 0'4 
per cent, ol active oxygon, whilst Mulder over six years' standing found 
peroxide building and consequent oxidation. Owing to the intensity 
of the reaction during blowing, a series of vol.itile bodies are given off, 
hence are not present on drying. H. Nordlinger isolated acids of 
boiling-point 190° G. and over, alcohol aldehydes and esters of boiling- 
point 150° G. and higher. Looking to data hitherto available, and 
its confusing nature, it must be acknowledged thit the process of 
autoxidation from its chemical aspect is in nowise completely dear. 
In several ways much light is thrown by the following :—• 

1. It is certain that the primary peroxide remains, an 1 seemingly 
persistently, so that exclusively molecular oxygen is absorbed and 
also that the primary peroxide does not even by its active oxygen 
lend itself to linseed oil as a self-acceptor. It is difficult to bt lieve 
that, first the linolenic, then the linoleic acid absorb oxygen, leaving 
the saturated fatty acids untouched. As regards oleic acid it does 
not resist the action of the air. Its change must, as Mulder suggested, 
lie more in the direction of the rancidity ol the oil, with lowermg of 
the iodine numbers. In any case, at the ordinary temperature oleic 
acid leaves no oxyacids insoluble in petroleum ether, an.l it can be 
taken as certain that it in nowise shares in the drying proc ss. How¬ 
ever, it can occur in the foim of mixed glycerides in the ethereal 
solution of linoxin, along with the unsaturated fatty acids, which alw 
contain linolenic or linolic acids. Likewise, oleic acid can lower 
their iodine numbers by secondary processes, wh ch have nothing in 
common with the real drying process. It is taken that linseed oil 
contains 18 percent, of oleic acid, therefore the iodine number of 14 
for dried linseed oil. On the other hand, Orloff’s value of 14 casnof! 
be ascribed to oleic acid alone; then the oxyacids separated m 



saponification, which contain oleic acid in traces, still absorb iodine 
This is due to one of the double liouds of linolenic and liuolio aoidi 
remaining intact during autoxidation, which clears the matter u] 
greatly. This opinion is favoured by the high oxygen content o 
different oxylinolic and oxylinolenic acids. 

2. It is certain that during the oxidation of the linseed oil part o 
the glycerine is split off. Both Mulder and Bauer and Eazura as 
sumed that this splitting off was due to the progress of oxidation 
Mulder showed that under the term free fatty acids, both oleic aok 
and saturated fatty acids occurred. Bauer and Ha/ura make thi 
same assumption; they go farther and imagine that only solid fatt] 
acids and free oleic acid occurred free, and that of linolio and iinoleni( 
acids no trace occurred. .\3 to the latter assumption, there is nc 
proof; facts are against it. As to spontaneous fat splitting in n 
partially split fat, the free fatty acids have abundant glycerine ir 
their composition, so that under the term free fatty acids containec 
in linseed oil both linolenic and linolic acids are included. 

3. It must not bo forgotten that in several processes during 
the heating of linseed oil with simultaneous blowing, the thickeninj 
so produced is due to a greater or less extent to autoxidation. Thai 
it is due to polymerisation is imjrrobable. Different reasons [roint tc 
condensation. During the fixing of the primary peroxide OH groups 
are formed, such are free COOII groups which ari! also produced. 
For this reason the molecular weight rises from HOO to 1400, as de¬ 
termined by Genthe, therefore no polymerisation can intervene where 
condensation occurs. Moreover, in condensation processes the 
iodine number does not lower, but rises. Hence by air blowing, thick 
boiled oil shows a great lowering of the original iodine number, and 
during drying great lowering occurs, which is only to be partially 
ascribed to autoxidation. 

Self-auluxidatinn of the Autoxidiser in Addition to Autoxidation 
of Acceptor. —The autoxidiser oxidises itself as well as the acCeptoi 
by producing a stable compound, which can no longer serve to pro¬ 
duce a peroxide; to continue the autoxidation a fresh quantity of 
autoxidiser is requited which necessitates a definite relation between 
the two substances. That is why linseed oil may still dry satis¬ 
factorily if non-drying* oils or other non-drying bodies, e.g. greasy 
lamp-black, are added to it, but only within certain limits compatible 
with the conditions just enunciated. Finally, certain metallic, salts, 
capable of forming oxides of different degrees of oxidation, impart 
great drying properties to linseed oil, when placed in suitable contact 
therewith. Lead, manganese, and cobalt manifest these properties in 
a specially energetic manner. Added (1) as compounds soluble in 
oil (rosinates, linoleates), or (2) placed in contact with oil in the form 
of oxides they endow it with an aptitude for oxidation altogether re¬ 
markable. In the first case (1) they play the rdle of autoxidisers, in 
ihe second instance (2) there is partial saponification of a part of the 

•> < .'j 
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oil with the formation of a manganooB or plumbic salt of the fatty 
acids of the oil, which dissolves therein and which afterwards plays the 
r61e of autoxidisers, as in the previous instance. 

Manganene Compounds and their Action. —Traces of a manganese 
salt added to a mixture of (a) oxidisable bodies with (b) oxidising 
bodies, start or accelerate very appreciably the oxidation reaction. 
The manganese compound, besides its action as an autoxidiser on oil, 
favours the formation of organic peroxides and accelerates the oxida¬ 
tion produced by the latter. For that purpose only an infinitesimal 
quantity is required (see table), and the oil so treated may be con¬ 
sidered as practically exempt from mineral compounds. It does not 
become brown in the air only; the nature of the acid forming the 
manganese salt has a groat effect on the intensity of the reaction. 

Summary of the Autoxidalion Bertrand Theory. —1. The drying 
of linseed oil is produced by the conversion in contact with air of 
several unsaturated liquid glycerides, with several double bonds or 
links into peroxides, which completely oxidise the oil. This reaction 
is very slow. 

2. By adding spirits of turpentine to the oil the action is accelerated, 
for this essential oil readily produces in the air a peroxide which com¬ 
pletely and rapidly oxidises the mixture. 

3. Finally, the addition of a manganese salt still further accelerates 
the rapidity and increases the energy of the reaction:— 

(o) By acting as a mineral ferment (see Barruel and Jean) when 
used in mere traces, in presence of a substance which can readily con¬ 
vert itself into an organic peroxide such as spirits of turpentine. 

(b) By acting directly on the oil as an autoxidiser when it is used 
in higher proportion, and in this case it shares this property with 
lead salts. 

The process when an autoxidiser of this nature is used may be 
written thus;—• 

A. Autoxidiser. 

B. Acceptor. 

Here the autoxidiser does not participate in the final oxidation, it 
cedes all the oxygen which it has fixed and recom'mences acting as a 
carrier between the atmospheric oxygen and the acceptor. It is un¬ 
necessary to have a great quantity in use, a minimum quantity 
suffices. 

A-s far back as 1883 Livaehe is credited with having shown that 
manganese is a more active drier than lead, but that was proved long 
before the eighties. Vincent pointed it out before 1870, and Faraday 
long before him. It was even proved by Vincent on 2 ton batches of 
oil as far back as 1870, and Vincent acknowledges that the idea of 
using manganese came from Faraday. In a word, the use of 
manganese goes back beyond the memory of any man now living, 
and Germany had nothing to do with suggesting its use or of cc^talt. 

Mineral Ferments,—The important rfile which manganese salts 
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play in a whole host of oxidations, both natural and artificial, has 
been shown by Bertrand. They coexist in the oxidising ferments 
from which fact they are termed mineral ferments. 


A. Autoxidisor 


B. Acceptor 


A. Autoxidiser 


B. Acceptor 


A + O., -> AO„ 

AO,, + n A + BO„. 

A \ conversion Into peroxide. 

^0 


A<f ! + B -» AO + BO 
\6 


A 


a(| 

^0 


oxidation properly so called. 


aC ; + 2B A + 2B0 

\o 


Haller has since pointed out the presence of stearic acid and a 
little arachidic acid. However that may ho, we may take linseed 
oil to consist of glycerides of different fatty acids ( 1 ) saturated fatty 
acids C 14 H 2 JO 2 , myristic acid Cj^Hj^Oj, stearic acid 0 ,bII..|„ 02 i 
palmitic acid CjnHj.jO;,; ( 2 ) the unsaturated fatty acids to which 
belong all the others. The latter class is differentiated from the 
formed as they comprise double links in their chain: Oil ■= OH 
corresponding to unsaturated carbon atoms. These double bonds 
are more or less numerous; oleic acid only contains one, linoleio 
acid two, linolenic acid and isolinoleuic acid three. Oleic acid is 
also present ifi other and non-drying oils; it is not characteristic of 
the drying property of linseed oil, which is undoubtedly due to the 
presence of linoleic, linolenic, and isolinolenic acid peculiar to that 
oil, that is to say, to fatty acids containing two or three double 
bonds corresponding to four or six atoms of unsaturated carbon 
atoms, have unsatisfied valencies and consequently capable of fixing 
other atoms. The drying of linseed oil is due to the absorption of 
oxygen, and as in this reaction the weight increases, the oxygen 
absorbed is not utilised for a partial combustion of the product, but 
is fixed by addition. It is therefore quite rational to assume that 
this oxygen has saturated the double links. This is shown by the 
chemical examination of linoxin; it shows that this product no longer 
contains double bonds. That linseed oil agitated with air dries 
more rapidly has already been seen, also when it is mixed with 
turps or with the mineral bodies termed driers, and the efiect is ap¬ 
preciably greater when these three conditions are combined. As 
regards turps the fact is explained by the fact that in contact with this 
liqpid, atmospheric oxygen becomes more active. It is well known 
that an aqueous solution of indigo carmine is bleached in the air 






/^hen little turps is added to it. The oxygen of the air which does noi 
act on this colour, destroys it under these conditions. Although il 
has been asserted that ozone is formed in contact with turps, it is noi 
a transformation of that which causes it, for if in the previous experi¬ 
ment the oxygen of the air used be measured it will be found that the 
volume of oxygen absorbed is double that required to decolorist 
indigo. Oxygen is therefore also fixed by the turps, and it is to the 
compound so formed that the bleaching is due. If we go back to tht 
'mixture of turps and linseed oil the same reasoning applies—th( 
turps cause the oxidation of the oil by absorbing oxygen. Thesf 
oxidation phenomena due to turps have been studied moj e especiallj 
by Bach, Engler, and F. Weisberg, who have shown that under these 
conditions turps, or more exactly, pinene, a non-saturated hydro 
carbide of which turps consists almost entirely, is converted by con 
tact with the air into a peroxide by the absorption of two atoms o 
oxygen which is fixed by the double link; the compound forraec 
It—0—0—R is very unstable and behaves like hydrogen peroxide 
2—0—0—H by abandoning an atom of oxygen to the oxidisabk 
body termed, an acceptor being itself converted into a more stalde 
body R—0—R or H—0—II. This property of forming peroxidei 
is shared by a largo number of organic bodies ; amylene, trimethy 
ethylene, hexylene, unsaturated hydrocarbides form peroxides. Cer 
tain aldehydic bodies possess the same jnoperties. Acetyl peroxidi 
and benzaldehyde peroxide are well known— 


CII3-.CO—0 

I 

CH 3 —CO—0 


Acetyl peroxide. 


Benzaldehyde peroxide. 
Perbciizoic acid. 


The non-saturated fatty acids may themselves yield peroxides. 

If they do not possess one double bond, for e,xample in the eas 
of oleic acid, the peroxide is not formed in contact with air, the 0 
does not dry, but none the less this fatty acid can yield a supei 
oxygenated compound when treated by ozone, as shown by Molinai 
and Soncini as well as Harries and Thieme. The ozonide of olei 
acid p'ossesses the constitution;— 

CR,{CE^)fiR -CH(CH2)7-C02H 

i—o-d 

The UDsaturated fatty acids possessing several double bonds fort 
peroxides in contact with air. These peroxides then act on the o 
itself which plays the r 61 e of acceptor, and the drying of the oil t^r 
. nmnncdR miitA ranidlv as soon as an annreciable Quantity of peroxid 


c«n,-c< I 
I 

oil 





is formed. If non-drying oils be added to linseed Mi* they liiteiri 
dry in spite of their non-drying properties, oxidation occurs by en-‘ 
trainment, the non-drying oils play the part of acceptors and are 
oxidised after the manner of indigo carmine in contact with turps 
and air. That explains how linseed, which contains a considerable 
proportion of saturated fatty acids, dries right to the core although the 
same fatty acids do not dry alone. During the process of oxidation 
all the organic bodies added to paint participate in the oxidation. It 
is well known that canvas which has been painted on directly is. 
“ burnt ” by the painting, and that the painting is always insulated 
from the canvas by a sjjecial coating. The pigments themselves (see 
Vol. III.) do not escape this action and are subjected to energetic 
oxidation when used ground in oil. It is thus necessary that they 
should be as little sensitive to this action as possible, and more 
particularly that they should be completely insoluble in oil and turps 
besides water. 

Permanent pigments should not only resist sunlight but also the 
oxidis’ng action manifested as the, paint dries. An example will 
suffice to show the spt'cial attention which should be brought to hear 
upon ihe point. Indigo, a natural organic colour, is much used in 
dyeing owing to its very great resistance to the oxidising action of 
sunlight. It should therefore constitute in oil-painting a very strong 
colour. Yet what do we find if wo heat indigo with linseed oil to 9. °? 
We got rapid solution, cold, it shows a dark grren tint. The filtered 
solution exposed to the air is rapidly decolorised. The indigo has 
been destroyed amidst a mass containing organic peroxides. As all 
organic colours are oxidisable they must he rendered completely iiP 
soluble in oil by converting them into lakes, analogous to madder 
lake. In a general way the bodies, the above-named substances 
called by Kngler and Wohler antoxidisers, oxidise the bodies with 
which they are mixed acceptors by becoming converted into peroxides 
which cede to the latter one of the two molecules of oxygen absorbed 
reserving th ■ other. For the oxidation of a given weight of substance 
(acceptor) it is necessary to usti an eijuivalent quantity of autoxidiser. 

Luminous rays act vi'ry favourably on the formation of p' roxides, 
that is why linseed oil dries more rapidly in sunlight. Its drying- 
capacity is increased.* If we compare the effect of the different rays 
which accompany or compose sunlight, it is found that the lays with 
a short wave length, the ultra-violet rays, have an extremely intense 
action. Linseed oil submitted to these rays dries very energetically. 
Let it be well understood that it is possible to add directly, organic 
peroxides, which may be prepared by chemical means, and rapid dry-; 
ing oils may tie so obtained which do not contain a trace of mineral; 
matter. 

Comparative Sapidity of Drying in Dry Air and in Moist Air/ 
—The question whether manganese boiled oil dried best in dry at; 
moist air was examined by Idppert. His results, if curious, are. 



296 THE MANOTACTttEB OF VAKNI8HBS. 

i interesting. A boiled oil rich in manganese dries (aster in dry air. 
Hence the amount of water in the air, and that of manganese in the 
boiled oil, act in diametrically opposite directions. Weger asserted 
that, generally, lead boiled oil dried fastest in damp air, manganese 
boiled oil in dry air, and he certainly got very different results with 
manganese borate boiled oil, which is comparatively poor in man¬ 
ganese. He mentions a manganese borate boiled oil that dried in 6 
hours in cold damp weather, and took 12 hours to dry in a warm 
atmosphere. Lippert first compared the drying of the boiled oils in 
a current of perfectly dry air, which had been freed from any trace of 
aqueous vapour by passing through sulphuric and phosphoric an¬ 
hydride, with that of toiled oils in an ordinary room, in which the 
dampness of the air was regularly tested by a hygrometer, but he 
found these tests could be dispensed with. 

Choice of Drier—Manganese Driers .—It has been shown that the 
best results are obtained by the use of lead and manganese. An 
oil boiled in contact w’ith manganese driers dries quicker than one 
boiled with lead driers. When boiied oil is free from lead it has 
the advantage of not being altered by sulphur compounds. The 
receipts given for the different driers to be added recommend the 
use of the borate and the hydrated oxide of manganese to the exclu¬ 
sion of all load compounds, and the boiling may be done as suggested. 
The superiority of oils having manganese as their only drier is so 
decisive that attempts have been made to manufacture such oils 
directly. i 

1. Borate of Manganese .—Two pounds of very white borate of man¬ 
ganese, free from iron and finely ground, are added with constant 
stirring to 1 gallon of oil heated to 100° C. (212° 1’.). When complete 
incorporation is effected the heat is raised to 200° C. (392° i’.). One 
hundred gallons of oil are heated in a pan until bubbles of gas com¬ 
mence to come off, when the preceding mixture is added in a thin 
stream. The heat is raised to about 200° to 220° C. (392° to 428° F.), 
and after 20 minutes’ boiling an oil is obtained which rapidly dries 
to a bright elastic coat. It is absolutely necessary only to use borate 
of manganese completely free from iron. It ma^ be prepared by 
adding a solution of borax to a solution of manganese chloride, so 
long as a precipitate forms which is washed with water and dried. 
A perceptibly white product is thus obtained. As manganese ores 
are liable to contain iron, lime, and other impurities this method of 
preparing borate of mtinganese is apt to give an impure product; a 
better method is that given. The drying properties of this salt are 
such that it is claimed by some that it can transform linseed oil into 
a quick-drying oil at a temperature as low as 40° C. (104° P.), e.g. if 
in a flask containing linseed oil we suspend a small linen bag con¬ 
taining borate of manganese (3 oz. of borate to 100 oz. of oil), and if 
we place the flask in a warm place we obtain in 15 days a quioje- 
^xying oil. But all these trivial processes are misleading. Life is 
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too short to wait 15 days for oil to dry no quicker than boilwl oil, 
and only under exceptional conditions, such as the presence of free 
fatty acid in the oil and free hydrited oxide of manganese in the 
borate, can the oil be acted on at such low temperatures. Common- 
sense might tell those who make such extravagant claims for borate 
of manganese that in the cold it is almost inert. A better oil is said 
to result if, instead of employing borate of manganese alone, wo 
employ a mixture of borate of manganese and oxide of lead, which 
is practically the same, ht'cause the reaction which ensues intro¬ 
duces oxide of manganese, but the latter may bo added directly in 
the form of the hydrated oxide—a dense, brown product; finally, 
it can be introduced by utilising reactions similar to the following 

2. Hydrated Oxide of Mamjanese and Air. —One thousand pounds 
of oil are heated to 70° to 80° C. (158° to 170° b’.). 3 lb. of crystal¬ 
lised manganese sulphate are dissolved in a very small quantity of 
water by the aid of heat; 10 lb. of caustic potash dissolved in a 
small quantity of water are added; the whole well stirred and run 
into the oil. The mass turns brown, and brightens at the same lime. 
An india-rubber tube, to the end of which a rose nozzle is lixed, is 
introduced into the pan, and by means of a pump air is injected for 
4 or 5 hours until the brown coloration has disappeared. The oil 
to which the above mixture has been added falls in drops inside a 
pipe, where a current of air circulates the reverse way. The oil is 
again elevated, and made to fall again, and so on until the brown 
coloration disappears. It has been further projtosed to use the 
natural black oxide of manganese—pyrolusite. 

3. Black Oxide of Manganese and Siilji/iaric Acid. —.\ mixture of 
2 lb. of finely ground pyrolusite and 2^ lb. of sulphuric acid is added 
to 100 lb. of linseed oil heated between 180° and 200° C. (350’ to 
392° V.). After about an hour, a milk of lime, obtained by slaking 
1 lb. of quicklime, is added, the whole well stirred, and filtered 
through canvas. 

4. Various Processes, (a) Treating Litharge Boiled Oil with 
Borate or Sulphate of Manganese. —Livache claims that a very 
quick-drying oil—free from lead—whose drier is manganese may bo 
obtained in a roundabout way by slightly heating or simply agitating 
an oil which has been boiled with litharge, with borate or sulphate 
of manganese. The oxide of manganese, he says, replaces the oxide 
of lead, which is precipitated in the state of insoluble lead borate or 
lead sulphate. 

(b) Boiling Linseed Oil with 5 per Cent. Lead Oleate. —One hun¬ 
dred gallons of linseed oil are heated with 50 lb. of lead oleate. But 
as oleic acid is not a suitable acid with which to combine a drier; the 
oleate of lead has for a long time been replaced by manganese linolcate 
and also by manganese rosinates which are used in smaller proportion. 
Ueijber of these exert a counter influence on drying like oleic acid. 

Zinc Driers. —Linseed oil is sometimes boiled after the addition 
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tion of zinc sulphate in oil-boiling and varnish-making is obscure; il 
is added with the idea of imparting elasticity, also to remove water 
Again, attempts have been made to substitute lead salts by pure oxidi 
of zinc, but after boiling the resultant oil dries slowly, and the oil s( 
prepared has no advantage over a litharge-boiled oil, except that it if 
not blackened to counteract this irremediable drawback by sulphurettec 
hydrogen. Livache precipitated the lead of a litharge-boiled oil bj 
means of a suitable manganese salt, such as the sulphate, but that ii 
a very roundabout way of introducing manganese into the oil, anc 
seems so unnecessary, too, as both manganese linoleate and man 
ganese rosinate, to say nothing of the acetate or even the borate 
dissolve very freely in hot linseed oil. But it is more than probabk 
that the precipitation of the lead dissolved in the oil is any hing bu' 
complete, and that the good results claimed by Livache from this 
style of working were due to the conjoint action of lead and man 
ganese. Oxide of zinc has been added to the salts of manganese em 
ployed in oil boiling, but if the zinc oxide did any good it was due U 
the liberation of manganese oxide. Leaving out of account the ad 
vantage—often very appreciable—of obtaining an oil which does no 
blacken in contact with sulphuretted hydrogen, it would appear tha‘ 
the oil does not dry quite so quickly, nor so uniformly and well, at 
when a manganese salt is added in presence of lead oxide. It hai 
been recommended not to heat the oil with driers beyond 120° t( 
127° 0. (248° to 260'(i° F.), hut to project into the oil after, severa 
hours’ boiling j^th of its weight of water, mixed with .'(,th of iti 
weight of litharge, in the form of fine drops. But this dangerous 
process, due to Bartky and tried in Germany, appears to be but litth 
used, if at all, 

Barruel and Jean found that an oil which did not contain anj 
thickened oil, nor drier, begins on exposure to give off carbonii 
acid, but that, under opposing circumstances, carbonic acid is dis 
engaged after 8 to 10 hours contact. Another important point whicl 
follows from their experiments is that for the intestinal movement tc 
manifest itself, the temperature must bo brouglft to -f 15° C. whils' 
below that temperature down to 6° C., the action of accelerating oi 
exciting agents is always weaker. The becessity for a medinne 
temperature points to an analogy between this phenomenon anc 
that.of fermentation. The increase in weight of a coating, aftei 
complete drying on tin, rose to 16 per cent, of the weight of the oi 
used. They also discovered that the direct or reflected light of the 
sun exercises a manifest influence on the phenomena of the dryinf 
of oils. Thus a sq. metre on which a coat of paint made from man' 
ganese-treated oil and zinc white had been applied, and left in a dart 
place, only increased I'l grammes in 7 hours, and 2'23 in 20 hours 
whilst the same surface left in the laboratory at the same temmra' 
ture, but exposed to the light from a cloudless sky increased 3’J 







grammes in 7 hours, and 4'42 grammes in 21 hours. Under the in-* 
fluenoe of the solar rays, absorption is still more rapid than in the 
preceding ease. In an experiment lasting 4 hours, a surface 1 
metre square, which had been coated with white paint and drier, 
had increased 4 grammes in weight and disengaged 435 milligrammes 
of water and 1 gramme of carbonic acid. The water would appear 
to originate in the large surface of the glass vessels, used in the ex¬ 
periments, tor in the different weighings it was not proportional to 
the carbonic acid disengaged. The above chemists contended that 
the absorption of oxygen by drying oils, under the iniluence of heat 
and light, is the result of an internal movement, which operates 
similarly to fermentation. Barruel and .Jean’s views appeared to t)e 
supported by numerous facts. They found bodies which added in 
infinitely small quantities under the influence of the solar light and 
a moderate temperature, cause drying oils to dry in a very short 
time, or to speak more plainly resinify them, with the result that 
carbonic acid is disengaged, whilst the oxygen is fixed by the oil. 
Barruel and .Jean assert that there is an oleaginous as well as a 
lactic acid fermentation. In oil boiling, the oxides absorbed by the 
oil are imperfectly reduced which gives rise to the formation of 
carbonic acid. The reduced oxide is thus converted into a body, 
which operates on the oil after the fashion of a ferment, and the 
proof of it lies in the fact that boiled oil possesses no drying pro¬ 
perties unless it contain dissolved oxide. Barruel and .lean found 
that thtf substances which possess this property in the highest degree 
are for the most part metals of Thenard’s third class, manganese, 
xinc, iron, cadmium, and amongst that group it is the protoxides of 
cobalt and of manganese that have given the most satisfactory re¬ 
sults. In some cases protoxide of iron is said to behave in the same 
way but with less energy. Barruel and .Jean, so as to find a ferment, 
or an innocent drier working energetically on drying oils, tested 
compounds of the above oxide which, leaving to these oxides all their 
exciting force, would be easily made on the large scale. But such is , 
not the case with the above protoxides which are difficult to prepare, 
and cannot be pres'erved in contact with air. They first tried the 
organic and inorganic compounds of the jirotoxides of cobalt and 
manganese. They afterwards found that carbonic, phosphoric, sul¬ 
phuric, and hydrochloric acid as well as the greater number of 
vegetable acids, retain the above oxides too energetically and almost 
entirely annul their effects. The salts of these oxides in the basic 
state have, it is true, a more marked action, but of all inorganic acids 
it is boric acid in combination with the protoxides of cobalt and ^ 
manganese which gave the best results. The ratio according to which ; 
the borate of the protoxide of manganese may start the fermentation i 
of drying oils is 1 to parts by weight in 1000 parts by weight ot ,j 
the,*il, that is O'OOl per cent. Barruel and Jean remarked that tha| 
Iterate of manganese which they used and tested was not an anhydroo^ 
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' salt, but contained about 25 per cent, of water and appeared to a( 
in this way: a portion of the protoxide is eliminated by the effect < 
light and heat, it absorbs oxygon from the air to be converted int 
peroxide, and very soon the oil begins to set and the coating at thi 
moment begins to colour slightly, but this coloration disappears whe 
the coating is dry. If 1 to 2 per cent, of borate be used, calculated o 
the weight of the oil, the brown coloration of the coating persist 
Two organic acids yield with the protoxides of cobalt and manganes 
salts analogous to those yielded by boric acid, viz.: benzoic acid an 
hippuric acid. Resins behave like acids but to a less extent. Tk 
use of hippuric acid seems to Rairuel and .Jean to be advantageou 
as it would utilise a neglected product of the farm. 

Lead and Manijanese Salts as Driers. —Besides the oxides of lea 
and manganese we may employ certain salts of these oxides as drier 
But their choice would appear to be subordinate to theii- degree ( 
solubility in the oil, and to the way they behave when heated alor 
with the oil. Further, all the numerous salts proposed have bee 
discarded except the acetate (sugar) of lead and borate of manganes 
and the reason is not far to seek. These salts decompose whe 
heated, and yield as a final result either the oxide of lead or fine 
divided metallic lead, or oxide of manganese, of which the valuab 
function is well known. 

1. Acetate of Lead. —This salt melts in its water of crystallisatic 
at about 75° C. Above 100° C. it loses water and a little acid, yieh 
ing the sesquibasio acetate, which towards 280° C. is conpletcl 
decomposed, giving off carbonic acid and acetone and leaving as 
residue metallic lead in an extremely fine state of division (sponj 
lead). We have seen the important role this plays in stimulating tl 
drying properties of oil. 

2. Borate of Manganese. —Again, on the other hand, we have i 
borate of manganese a very unstable salt, as is the case with borab 
in general. The affinity of boracio acid for oxide of manganese beir 
but very feeble, the latter is liberated by the action of heat; the en 
ploymeut of this salt is therefore a useful roundabout way of introdui 

. ing oxide of manganese into the oil. ‘ 

As non-oxidised metallic lead, in a very porous condition, increase 
the drying properties of the oil, it was interesting to study the actio 
upon oil of other metals capable of being easily precipitated. Bi 
the o'l dried no quicker when treated with precipitated tin or coppe 
Besides, these results might have been foreseen, for Chevreul showe 
that linseed oil, spread upon well-polished lead, dried much moi 
rapidly than when spread upon copper, brass, zinc, or iron. Wit 
these metals the oil did not dry any faster than upon plates of glaze 
or unglazed porcelain, glass, or plaster of Paris. As to the numerov 
other substances besides the salts of manganese and lead propose 
to be added to drying oils to hasten their drying properties, nong ( 
them appear to exert any beneficial influence. Chevreul made 
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comparative study of the oxides of zinc and lead and showed that the 
former had no appreciable influence, and that certain substances even 
acted in a contrary manner, retarding instead of hastening the drying 
of the oil, such as the oxide of antimony and antimonious arseniate. 
If certain substances appear to act as driers, the leason is to be found 
in the fact that they have been used in conjunction with the applies* 
tion of heat, and their apparent beneficial action is due to th(! heat 
alone. According to And^s the following substances may be regarded 
as absolalely useless : all organic matters (sepia, dog excrement, bread, 
onions, garlic), red oxide of mercury, vei digria, lime, l)rass, zinc, alum, 
hydrated oxide of iron, Iwracic acid, oxide of antimony, gypsnm, ver¬ 
milion, pumice-stone, animal charcoal. The following as (h-idisin<j 
Aijents. —White lead, sulphate of lead, carbonate of lead, basic acetate 
of lead, black oxide of manganese, hydrate of protoxide of manganese, 
sulphate of zinc, oxide of zinc, umber, and those in this final list as 
Enerijetw OxiAishuj Ayeuls. —Air—acting through its oxygen—red 
lead, litharge and the different oxides of lead, Iwrate of manganese 
and the hydrated peroxide of manganese. 

Kastner has projioscd the plumbates of the alkaline earths as 
driers. These are prepared by healing in a suitable furnace two 
molecules of baryta, strontia, or lime, or their corresponding car¬ 
bonates with one molecule of oxide of lead. The phimbate of baryta 
is dense black, that of strontia, brown, and that of lime, bright red. 
Kastner is of opinion that the drying property of the oil is increased 
by the ^'ichness in oxygen and the introduction of lead; he holds 
further that the introduction of the alkaline earths themselves may 
produce oleates, which after drying assume a consistency of remark¬ 
able elasticity. We ouyht therefore to confine ourselves in the use of 
driers to lead and maivjanese. In their oxides, and in certain cases tO' 
some one of their salts. 

Catalytic Action of Driers. —An experiment of Chevrcul lends 
support to the theory of looking upon manganese and lead as simply 
performing the function of intermediaries or oxygen carriers, viz.: 
If we make a mixture of raw linseed oil and manganese-boiled oil, 
the liquid resulting from this mixture has a much greater oxygen 
absorbing power than either of the liquids constituting the mixtures 
taken separately. * 

If this be true, then a pale boiled oil made by diluting a manganese- 
boiled oil with raw oil ought to be a very desirable mixture indeed. 

It follows that the quantity of oxygen absorbed during the same 
period of time is not proportional to the quantity of oxide of man¬ 
ganese contained in the oil, since the boiled oil reduced with raw oil 
absorbs more oxygen, although bulk for bulk it contains less oxide 
of manganese than the original manganese-boiled oil. The only' 
feasible explanation is this: If the raw oil in the mixture absorbs • 
a gi^ter quantity of oxygen in the same space of time, it is simply 
iMoause this oxygen is supplied to it under more favourable con- 
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by the oxide of manganese, which forthwith gives it up to the oil 
there is thus a continual transport of oxygen from the air to thi 
manganese and thence to the oxidisable principles of the oil. 

It seems, therefore, that an oil will dry in a better manner thi 
less metallic linoleate it contains, because linoleate of lead absorb! 
less oxygen than linolein and becomes brittle; all we have to do is h 
introduce a quantity of lead or manganese sufficient to extract fron 
the air the quantity of oxygen necessary to oxidise the linolein ai 
fast as this oxidation proceeds. A large quantity of lead or man 
ganese does not hasten the oxidation—the intensity of which is th( 
sole function of the drying quality of the oil used—but would on th( 
contrary yield a less elastic and slower forming final product. Again 
summing up the proper conditions under which the drying propertief 
of an oil are accelerated, wo can deduce the following principle (r 
the oil ought to be refined and clarified; (2) there is an advantage it 
allowing the oil to age before using it. If need be oxidation may be 
started ; (3) it is more profitable to use boiled oil than raw oil; (4] 
the drying of raw oil or boiled oil is hastened by the addition of eithei 
lead or manganese or cobalt compounds in known quantities or bj 
metallic lead in a fine state of division. It remains to be considered 
how in actual practice we can conform to the principles enunciated 
The oxides of lead or manganese or cobalt or their salts are pre¬ 
ferred. But the use of metallic lead has latterly been tried with 
promising results. ^ 

Treatment of Linseed Oil with Driers in the Cold —Briers are 
generally incorporated with the oil by aid of heat. However, 
interesting attempts have been made to elTcct this result in the cold. 
Numerous attempts are made to prepare quick-drying oils in the 
cold, thus securing economy and a paler oil. Few processes have, 
however, been published. The simplest plan consists in running 
the oil into a reservoir, from whence it falls upon plates super¬ 
imposed at alternating inclinations and at certain distances one from 
another. The oil thus runs in a thin layer in a zigzag course from 
one plate to another and thickens as it absorb! oxygen; by using 
lead plates the action is more rapid. The oil when it reaches the 
bottom of the column of plates is pumped' up to the top, and the 
same process is gone through again, and so on until the oil has 
assupied the requisite consistency. The theory of this is very simple— 
the oil oxidises, generates fatty acids which attack the lead, and the 
resulting nascent linoleate of lead dissolves in the oil. 

1. Sink's Method. The First Attempt at Blowing Linseed Oil .— 
In Bink’s process a very small quantity of drier, 0-2 to 0-6 per cent., 
oonsisting of a mixture of manganese oxide and a lead salt, is first 
added to the oil, then a current of air passed through until the! 
desired quantity of oxygen is absorbed. But this does not^vb‘ 
satisfactory results without the aid of a moderate heat. * 
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2. Bouts' Process.—Bouis introduced lead oleate into the oil; the ; 
product IB colourless and dries satisfactorily. It has Iwen ■; 

Lter to replace the oleate by the linoleate of Iwd. but the latter, it is 
said does not give the same result, as it is said to be insoluble in oil 
in the cold. Hartley and Blenkiusop dissolve the mauganeso lino¬ 
leate in naphtha and introduce it in solution in that vehicle the 
oil and then blow air through it. But according to 1 rofessoi Sabin, 
this process was well known in America long before Hartley, etc., 
patented it. Moreover, the writer recommended it m his l olytechnio 
Ltures several years before Hartley's patent. See Vincent s method 

Mcriied.-Liebig recommendtvl the •Wt'ttion of the 
oil with water, litharge, and basic acetate of lead. Tbe alter sa t w 
prepared by grinding as finely as possible 1 part of acetate of le^ 
with 1 part of litharge to thorough incorporation and placing the 
mixture in a porcelain basin, whicli is beated on the 
covered with another porcelain basin to prevent access of air. After 
an hour’s heating a white mass is obtained, winch is triturated with 
5 parts of water. The, solution on standing and clarifying contains 
Xlsic acetate of lead. It is diluted with its ow.i bulk o wat^, 
and vi-orously shaken with 20 parts of oil which lias been r'tura*^ 
wbh Tpart of finely ground litharge. The mixture thus obtained « 
added to the oil to be treat.sl, which it soon decolorises, and at the 
same time stimulates its drying properties. In J'’?'”’*’ ® 

the presence of lead would be prejudicial to the object for winch the 
S h to be used, it is agitated with a small quantity of suljihurio 
acid diluted with 3 parts water. The lead may also be elmiinated by 
agitating the oil .with a salt of maiiganese, the 

insoluble lead salt-the suljihate, for example, or, better, 

^T'Livaches Process.-LMs process consists in agitating the 

cil in the cold with finely divided metallic load, f ^ ^ 
oxide. For this purpose he uses 

zr'r “ ..«u: 

the water imbibed by the porous mass of precipitated s^ngy le^. 
ihr?he oil r^s Layctear and limpid from the bottom of the 
Lnel, and as a consequence thereof all the water ha^een displac^ 
the mild thus obtained is run into the tank 
^lons of oil. that is nearly 20 tons, where the whole is subjected to 

I kLiebig's method is regaled by eome ae simply a method of leaning the oil 
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lit was all Liobig claimed for it.- 
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agitation. In working with small quantities the requisite agitation 
may bo imparted by running the oil and lead into a cask, and rolling 
it about from time to time on the floor. The oil thus treated assumes 
a reddish tint, which disappears as soon as it oxidises in contact with 
air. If the treatment has been eflicient, the resulting oil is as fluid 
as the original, contains a small quantity-of lead, and dries in 24 
hours in the open air. The rationale of this process is easily seen, 
the fatty acids originally present in the oil act on the finely divided 
metallic lead, and the nascent linoleate of lead, aided by the heat 
produced by its formation, dissolves in the oil as soon as formed. It 
is advisable to introduce manganese into the oil prepared in this way. 
A salt of manganese very soluble in oil, viz. the nitrate, is added, 
say, 15 lb. for the proportions given, and the whole frequently 
stirred for two or three days, after which it is allowed to stand and 
decanted. If this oil were at once used, as it often contains an excess 
of nitrate of manganese, which deliquesces in the air, it might dry 
1 dull. To obviate this, 7^ lb. of dry precipitated oxide of lead are 
added, and the whole again subjected to agitation. After standing 
a perfectly clear oil is obtained, which, exposed to the open air in 
a thin layer, at the ordinary temperature, dries in 6 hours. During 
drying the absorption of oxygen produces, in consequence of the 
presence of oxide of manganese, a brown coloration, but the latter 
soon disappears, and finally a beautifully brilliant, perfectly dry and 
completely colourless coat is obtained. Some manufacturers using 
this process have found the oil in certain cases to be tacky, pethaps 
owing to the presence of a small quantity of glycerine. This has led 
them to heat the oil treated first with finely divided lead and then 
with a salt of manganese, and it would appear that they have 
obtained very interesting results. 

Boiling Oil Through the Bung-Hole .—The American process of 
boiling oil in the cold, or, as they term it boiling oil through the 
bung-hole, consists in simply dissolving fused linoleate of lead or 
manganese, or their rosinates, in spirits of turpentine or naphtha, 
and adding a certain amount of this solution to each barrel of raw 
oil. The painter does the same thing when he kdds “ terebine ” to 
his pftint. 

The figures in table give. Col. I., the amount of metal, whether 
lead or manganese, in certain well-known driers, the weight, Col. II., 
per ton of oil, and the temperature of incorporation. The tempera¬ 
ture at which the drier dissolves. Col. III., should never be exceeded, 
except to hasten the process in a rational manner (Weger). 




^ABLE GIVING INFORMATION AS TO USE OF DRIERS IN OIL 
BOILING. 
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H) 
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2.'iO 

iHO-aw- 
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21X1-220 

ISO 

gi'Durally 
highnr 
1 ti thf cold 
goitomlly 
200 anti 
hiKlicr 

In Hit* cold 
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120-150 


Patent Driers: Conre.nlrated Driers and Liquid Driers, — Con- 
ccnirate^ driers congist of the product obtained by lieating linseed 
oil at 250“ to 300“ C. to the consistency of sticking plaster, with a 
quantity of litharge, red lead, borate of manganese greater than 10 
per cent, and even as high as 70 per cent, of the weight of the oil. 
Sugar of lead, oxide of zinc, etc., are added to or partially substituted 
for the preceding substances. 

Concentrated driers consist of a thick viscous mass, generally of 
a deep brown colour composed essentially of fused linoleatc of lead. 
A good product may he made by boiling in a small pot 7 parts (by 
weight) of good and aged linseed oil—old baked oil—with a mixture 
of 2 parts of lithargt in powder and 2 parts of red lead. The oil at 
first assumes a beautiful red colour, which turns brownish as the 
temperature rises. Suddenly it thickens, looking like bronze in 
fusion, whilst at the same time abundant fumes are given off, A 
sample drop spotted on a glass plate should become in a minute 
perfectly solid, with no viscosity nor tackiness whatever. It is 
thinned down with spirits of turpentine or rectified naphtha to the 
requisite consistency when required for use. Concentrated driers dis¬ 
solved in benzol or spirits of turpentine are used to make “ boiled ” 

^To bring to degrees Fithrenheit x 9 -r 5 + 32 « e.g. 230"' x 9 * -y 
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il or oil “ boiled through the bung-hole " in the cold from raw ] 
aed oil. 

Terebine or Uqmd drier is made like concentrated driers, but wl 
tie pot is taken off the Bre it is only allowed to cool for a 1 
linutes, when it is thinned down with successive additions of piii 
f turpentine, with constant stirring. It is then passed thr6i? 









|iiK«rae linen, and stored in oioaed vebeUl LiqWd driers ooiisM 
therefore of linseed oil saponified and oxidised to a greater or less 
extent, i.e. heated until it will roll into pills, and afterwards dis¬ 
solved in spirits of turpentine. There are numerous recipes for 
making driers; inter alia, the following:— 


Oil and Solids in Lb, 
Turpd iu Oalioiut, 

Ck)iiceatmti<d 
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Palv liquid. 
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In the manufacture of white liquid driers the mass does not 
become red on boiling, but white at first, and afterwards a very 
faint yellow. Liquid driers are but little used for white colours 
—solid* driers are preferred ; but with other coloured paints very 
rapid drying is effected by simply adding, say, a few parts in 100. 
Complaints are made that certain driers when added to linseed oil in 
solution as liquid driers fall out of solution after a longer or shorter 
period of time. Sometimes, however, these complaints will not bear 
investigation. Endeavours have been made by working in the cold 
to produce very pale liquid driers. One variety which is used very 
extensively is made by intimately mixing 100 parts (by weight) of 
finely pulverised sugar’of lead with 1200 parts (by weight) of poppy¬ 
seed oil. This mi^ure is exposed to sunlight in a glass vessel and 
frequently stirred. There is got in this way a perfectly colourless 
oil, which, when thinned down with 250 parts (by weight) of spirits 
of turpentine, dries very rapidly, yielding a solid, durable coating. 
Hartley and Blenkinmp's drier consists of zinc oxide mixed with 
a solution of linoleate of manganese dissolved in naphtha. One per 
cent, of manganese linoleate added to linseed oil in a dilute naphtha 
solution renders it quick drying. There is no necessity to blow air 
through it. The air will do its work very well after the oil is applied 
to any given surface. 

; Terebine.—The so-csalled " terebine ” very often consists simply of 
Uapanners’ gold size thinned down with spirits of turpentine. Japan- 
^xs'gold size is linseed oil boiled with litharge, red lead, sugar of 










lead and aino sulphate until it will roll into pills, and then dissolvec 
in spirits of turpentine. Another process consists in fusing 2 parti 
of Manilla copal, which is then mixed with | part of linseed oil anc 
6 parts of concentrated driers made by one of the formul® giver 
above, after which the whole is incorporated with 14 parts of spirit! 
of turpentine. The bulk of the paste “ patent driers ” used in the 
trade consist of 90 per cent, or more of a mixture consisting of equal 
quantities of chalk, ‘ ‘ Paris white,” and barytes, and about 10 per cent, 
or less of actual driers. When it is desirtd to prevent the p.iint from 
cracking, very good results are obtained by using spirits of turpentine 
which has simply been shaken up with litharge and decanted. A 
liquid is thus obtained which does not affect the colour, and which 
also gives a very durable coating. 

Kannay’s glycl lead linoleates and basic lead linoleates, made by 
dissolving about 2 parts (by weight) of litharge in 1 part of linseed 
oil at as low a temperature as practicable, should make excellent 
driers either per se or in turps or benzene. 


The Manufacture of Driers. 

The principal substances used as "driers” or aids in oil-hoiling 
are metallic lead, Pb = 207, oxides and salts of (A) lead, (B) manga¬ 
nese, and (C) cobalt. 

Lead Compoiinils Used as Driers.'—(1) Litharge; (2) red lead: 
(3) acetate or sugar of lead; (4) lead borate; (5) lead rosinate; (6) 
lead linoleate, and either of the last two or both mixed with either 
manganese rosinate or linoleate or with both. 

1. LUhanje, PbO = 223; Pb = 92-83 ; 0 = 7-17 percent. Manii- 
/(ictarc.—When metallic lead is heated in a current of air, it is oxidised 
into massicot, PbO(Pb H- 0 = PbO 207 4- 16 = 223). 207 parts of 
oxidised lead yield 223 of massicot. When this massicot is further 
heated, it fuses, and the fused product after cooling is know-n as 
litharge, or, from its scaly nature, as flake litharge. It does not, 
however, undergo any chemical change. When buying litharge tor 
use as a drier, it should be guaranteed free from massicot, also copper, 
which is often present in considerable quantity, dnd acts injuriously. 
Moreover, it should not contain unconverted metallic lead nor sand 
nor silver. ‘ 

Properties .—Litharge should dissolve completely in dilute nitric 
acid and in acetic acid to a colourless solution. A green coloration 
would indicate copper. .\ny residue in either of these acids will con¬ 
sist, most probably, of sand or grit, or possibly of lead peroxide (PbOJ t 
acetic *oid may leave a residue of non-oxidised blue lead. When 
litharge is heated with linseed oil for some time at the temperature 
at which that oil is said to “ boil,” but, more properly, at which it 

' Galaa (a.d. 131-200) states that" white lead and Htharve thicken and drv”- 

De Meth. Med.," iii., i. » u 
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undergoes destruotive distillation, it dissolves in the oil. In varnish* 
making and oil-boiling it is often found at the close of the operation 
reduced to metallic lead and the superincumbent oil, etc., has per¬ 
force been oxidised, pro rata. In such cases without doubt alt its 
oxygen is seised hold of and absorbed by the “ boiling " oil. tiitbarge 
assists in oil-boiling in three different ways: (1) It may combine 
with any free linoleic acid in the oil at a comparatively low tempera¬ 
ture to form linoleate of lead, which will dissolve in the oil under 
favourable circumstances ; (2) at a higher temperature it will elimi¬ 
nate glycerine from the oil and oxidise the latter to acrolein, and 
combine with the liberated linoleic acid to form linoleate of lead, 
which will again dissolve in the oil under favourable conditions; 
(3) in the act of being reduced to metallic lead, it will part with its 
oxygen to the oil, and consequently by starting the oxidation process 
increase the drying properties of the oil. The drawback attendant 
on the use of litharge and all lead salts as driers is the dark colour 
which they impart to boiled oil, due no doubt to the dissolved lead 
linoleate. This dark colour is intensified by the great heat at which 
the oil must be kept for some considerable time before the litharge 
di.ssolves and plays its part. Another drawback attendant on the use 
of litharge and other lead salts is that the oil or varnish into which 
they enter cannot ho used in conjunction with or in juxtaposition to 
pigments consisting of or containing sulphides liable to combine with 
lead compounds to form the black sulphide of lead. Sulj)hur emana¬ 
tions aft similarly. Paintings or decorations injured in this way may, 
it is said, bo revivified by washing with a weak solution of peroxide 
of hydrogen, which converts the black sulphide of lead into white 
sulphate of .lead without materially affecting the painting in any 
other way. But this is erroneous. Thenard only used it to restore 
a white lead background, in a black crayon drawing, of Raphael. 
Such delicate colours as madder lake would be destroyed by hydro¬ 
gen peroxide. This black coloration is very often due to the free 
sulphur contained in the pigment, and not to the combined sulphur, 
which, looked at frgm a rational point of view, must be regarded as 
more or less stable. On the other hand, linseed oil boiled over the 
naked fire with litharge^ives an elastic, durable coat of greater lustre 
and less susceptible to dry superficially than manganese-boiled oil. 
In a word, litharge-boiled oil is more of the nature of a varnish than 
manganese-boiled oil. 

The Pharmaceutical Society requirements for litharge are that:— 

“ It shall dissolve completely in dilute nitric acid (1: 4) and also 
in acetic acid (B; P), and shall give no characteristic reaction on 
being tested for copper, iron, and carbonates.” 

Twelve samples of litharge were obtained by Remington from 
leading manufacturers of this material, and were analysed, vrith the 
folkfVing results:— 



[nsoluble in Dilute HNOg 
(1:4) alter Boiling mins. 

Insoluble in Acetic Acid 
(B: P) after Boiling 5 mins. 
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Bemington claims that the undernoted analyses show the posi- 

on the English market in 


I Insoluble (Silica) . . i 

j Bismuthous oxide, Bi.Oj' 
i Cupric oxide, CuO . ' . 

I Antimony tetroxide, SkO, i 
I Ferric oxide, FojO, . I 
Alumina, AtjOj '. 

! Zinc oxide, ZnO . ,; 

j Nickelous oxide, NiO .' 

I Lime, CaO . . , i 

j Magnesia, MgO . ., 

i Phosphorio acid, P-O, . j 
i Lead peroxide, PbOj . i 
i Metallic lead . . . | 

j Lead monoxide, PbO .:! 
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Insoluble (Silica) . 
Bismuthous oxide, Bi,0. 
Cupric oxide, CuO . 
Antimony tetroxide,SbjO. 
Ferric oxide, Fe,Oj 
Alumina, A1,0, 

Zinc oxide, ZnO . 
Nickelous oxide, NiO . 
Lime, CaO . 
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Phosphorio acid, P,0, . 
Lead peroxide, PbO, 
Metallic lead . 

Lead monoxide, PbO 
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Dor metallurgical determinations the litharge used should of 
course be free from silver. 

2. Red Lead Minium, 2PbO, PbOj = Pb,©, - 685; Pb - 90-2; 
0 = 9-8 per cent. Manufacture. —Red lead Pb,©, is made by heat¬ 
ing litharge in contact with air at 300“ C., a temperature slightly 
below its point of fusion. The litharge should be free from copper. 
It gradually becomes converted into a fine red known as red lead. 
The manufacture of red lead is a Derbyshire industry, and the pro¬ 
cess of the present day differs in no essential particulars from that 
described so vividly by Bishop Watson 125 years ago. A variety 
of red lead, made by igniting white lead, is sold as orange lead. 
Although dearer in price it is no more efficacious as a drier than 
ordinary red lead. It always contains undecomposed carbonate. 

Composition. —The red leads of commerce differ in composition 
according to the length of time they have been furnaced. However, 
the proportion of oxygen absorbed by the litharge never exceeds that 
which corresponds to the formula 2Pb©, Pb©^ Pbj©,. When red 
lead is heated it darkens, and then, at a temperature above 800° C., 
it gives off oxygen, becoming reconverted into litharge. Test for 
Purity. —When red lead is treated with nitric acid the two equi¬ 
valents of Pb© are dissolved as nitrate of lead, leaving the Pb©, 
behind as a puce-coloured residue which is perfectly insoluble in 
nitric acid, and only dissolves in dilute nitric acid after it has been 
reduced by the addition of oxalic acid. When this reagent is intro¬ 
duced into the test tube, containing the nitric acid and rod lead, 
vigorous action ensues, the whole of the puce-colouied oxide being 
converted into white crystalline nitrate, to which it is only necessaiy 
to add a little boiling water tor complete and instantaneous solution. 
Any residue remaining is generally barytes. Sophistication with 
ground brick is only met with in books. Red lead containing more 
oxygen perhaps in a more available state, is a more energetic drier 
than litharge, and its function as a drier is similar to what it plays 
in a storage battery. 

Other Uses. —Besides its use as a drier, red lead is used in the 
manufacture of mJtches, wall paper, sealing wax, crystal glass; 
mixed with white lead in oil it is used to form a cement for steam 
joints. Bed lead “ substitutes " are of little or no use as driers. 

N.B. —2a. Peroxide of Lead. — The puce-coloured peroxide of 
lead neither acts as a drier nor a catalyst in regard to linseed oil. 
It retards drying and this fact is an insuperable stumbling-block to 
the peroxide theory of oil-boiling. This inertia may quite easily be 
explained by assuming that the affinity of the peroxidic oxygen for * 
lead monoxide is greater than for oil. 

The Use of Bed Lead as a Paint Material. —It is interesting to, 
know how a substance used as a drier behaves as a paint when. 
jgrojnd in oil. Bed lead is-regarded as one of the best, as shown in , 
the Havre de Grace bridge tests, but to come to a correct conclusion:.’ 
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. it is necessary to know the composition of the paint and also that of 
the red lead employed. It has been maintained that a red lead con¬ 
taining 96 per cent, of PhjO, yielded the best protective paint, but 
from experiments carried out by the Institute of Industrial Besearoh 
at Washington this does not appear to be the case, better results be¬ 
ing obtain^ with those containing only 86 to 90 per cent., and the 
specifications of the United States Navy have now been altered ac¬ 
cordingly. Gardner is of opinion that pure red lead does not react 
appreciably with linseed oil, and therefore the paint remains soft for 
a considerable time, a certain proportion of litharge must be present 
in the pigment to react with the oil and form a hard and durable 
film. This litharge must be in the pigment when it is manufactured, 
as no amount of mixing would suffice to incorporate litharge with 
red lead after it had been made. A new orange mineral which has 
recently been placed on the market is a fume pigment so flooculent 
that it occupies double the volume of red lead and yields a paint 
which is extremely smooth, durable, and elastic. This pigment is 
extremely suitable for reducing para reds for pigment manufacture. 
Ordinary red lead is crystalline, when the crystals are broken up by 
grinding it turns yellow; so delicate are these crystals that 10 per 
cent, of barytes cannot be added to red lead without reducing the 
colour a hundred fold. 

3. Lead Acetate (Neutral), Pb(C 2 H 302)2 + 3 H 2 O. Sugar of Lead. 
Molecular Weight 379.—This salt was formerly known as salt of 
Saturn, or sugar of Saturn. It is prepared by neutralising acetic 
acid with litharge. It crystallises in oblique rhomboidal prisms, 
colourless, transparent and efflorescent. It is generally met with in 
the form of heavy compact crystalline masses, somewhat resembling 
loaf-sugar. Its odour is acetous, whilst its taste is both sweet and 
astringent, its after taste is bitter and disagreeable. It dissolves in 
•i part of cold water and in 8 parts of alcohol. Its solution slightly 
reddens blue litmus paper, and is partially decomposed by carbonic 
acid, which at the same time liberates a small quantity of acetic acid, 
which preserves the rest of the salt from the action of carbonic acid. 

Action of Heat on Lead Acetate ,—Crystallised acetate of lead 
melts at 75'5'‘ C., at 100“ C. it loses water find a small quantity of 
acetic acid. It afterwards solidifies, but towards 280“ C. it again 
melts. The dehydrated salt would appear to consist of a sesquibasic 
acetate. At higher temperatures it decomposes with disengagement 
of carbonio acid, acetic acid and acetone, leaving a residue of very 
finely divided and highly combustible metallic lead. Lead acetate is 
a very energetic drier; perhaps much of the metallic lead found by 
varnish-makers at the bottom of their pots may come from the com¬ 
plete reduction of the acetate and not from the litharge often used in 
conjunction with it. 

3a. Basic Lead Acetate ,—The so-called neutral lead acetates just 

: described results from the combination of two equivalents, i.e. 120 
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•parts of monobasic acetic acid with one equivalent, i.e. 223 parts of 
the di-acid base litharge. When two equivalents of a fmmbatic acid, 
e.g. acetic acid, combine with one equivalent of a di-acid base, e.g. 
litharge, a neutral or normal salt is produced. But it is found in 
actual practice that certain neutral or normal salts, in their state of 
solution in water, can still dissolve and combine with a further pro¬ 
portion of base. Thus when one equivalent of neutral acetate of 
lead is dissolved in water, it combines on boiling with an additional 
equivalent of litharge to form the di-basic salt, PbA 3 Pb(HO)j, basic 
acetate of lead. By digesting together one equivalent of sugar of lead 
with two equivalents of litharge the tribasic salt, Pb(.\)j2Pb(HO)j, is 
produced. These basic acetates, owing to the fact that their excess 
of litharge, or, rather, lead hydrate, PbO, H.^O, is in a loose state of 
combination, easily give up this excess to weak acids, even oarlwuic 
acid, as exemplified in the manufacture of white lead. Should raw 
linseed oil contain free “linoleic acid," agitation with a solution of 
basic acetate of lead will convert the former into linoleate of lead, 
and if the agitation lie renewed from time to time this linoleate of 
lead will dissolve to some extent in the oil, imparting drying pro¬ 
perties thereto, whilst the insoluble magma produced by the action 
of the basic acetate on the colouring matter and mucilage collects as 
an insoluble slime at the bottom of the vessel. Such is the principle 
of the refining of linseed oil by Liebig’s method and the imparting 
of drying properties thereto in the cold by means of basic acetate of 
lead, a»substance the utility of which is not appreciated either hy the 
varnish-maker or colour-maker to the extent to which its intrinsic 
merits entitle it. 

4. Lead,Borate, PbfBOj);, -s H^O = 310’8.--Precipitated borate 
•of lead is a white substance made by precipitating the boraoic acid 
in 382 parts (i.e. one equivalent) of borax (NajB^Oy H- 10 aq.) by one 
equivalent of a lead salt—that is to say, 331 parts of nitrate of lead 
Pb(NOj)jOr 379 parts of neutral acetate of lead (Pb(C 2 HjOj).^ -f 3 aq.). 
The mother liquor is filtered off, the precipitate is well washed, filter- 
pressed, and dried in the usual way. This substance combines the 
-drying properties ot both lead and boric acid. It is said not to darken 
the oil to quite the san^e extent as other lead driers, but a sample in¬ 
spected by the author was the darkest sample of boiled oil he ever 
saw. Possibly the darker colour was due to the operator. Meurant, 
•German patent 223,754, prepares lead borate for use as a drier by • 
fusing boric acid and litharge together in molecular proportions. 

5. Bosimte of Lead .—The first stage in making rosinate of lead, 
erroneously termed resinate of lead, is the preparation of an alkaline 
solution of rosinate of soda. Bosin being an acid of variable degrees 
«f acidity, different samples require different proportions of caustic 
alkali for neutralisation. The best plan is to add rosin gradually 
. with constant stirring to a very dilute boiling solution of caustio 

alkali of known stren^h until the latter is exactly neutralised. 



Slartiag from the data that every 62 parts of anhydrous sodium 
' oxide (real alkali) present in solution as rosinate of soda require for 
complete precipitation one equivalent of a lead salt, viz. 379 parts 
lead acetate or 330 parts lead nitrate, and knowing the original bulk 
of the alkaline solution used and its richness in real alkali, as deter¬ 
mined by the hydrometer and the usual tables, it is easy to calculate 
the amount of lead salt necessary to displace the soda in the solu¬ 
tion of alkaline rosinate by lead, and thus throw down all the rosin 
as rosinate of lead. 

The dilute solution of the proper proportion of lead salt is gradu¬ 
ally added with constant stirring to the equally dilute solution of 
alkaline rosinate; the mother liquor is syphoned off, the precipitated 
lead rosinate, which is further well washed, drained and dried. It 
may be heated to incipient fusion to expel water. 

6. Linoleate of Lead .—Linoleate of lead is made by precipitating 
a solution of linseed oil soft soap, made by saponifying linseed oil 
with caustic potash in the usual way. 100 lb. of linseed oil on an 
average require 19| lb. of pure caustic potash, equal to 16^ lb. of 
an ydrous potassio oxide, for complete saponification (see Sap, 
Numbers). Caustic potash is sold as containing so much per cent, 
of anhydrous caustic alkali; when pure it contains 83’9 per cent. 
It is, therefore, a mere matter of calculation, if 100 lb. of linseed oil 
require 19J lb. of caustic potash, when the strength is 83’9 percent., 
to find how much will be required for complete saponification when 
the str ngth is 80 (or any other figure) per cent. The soap'fis dis¬ 
solved in five or six times its weight of water, and the linoleic acid 
precipitated therefrom by a dilute solution of a lead salt. The exact 
proportion of lead salt for complete precipitation depends upon the 
amount and the strength of the caustic alkali used. 112'2 p.arts of 
pure caustic potash, equal to 94’2 parts of anhydrous potassio oxide, 
require one equivalent of a lead salt, say 379 parts lead acetate or 
330 parts lead nitrate. The lead salt solution is added gradually to 
the soft soap solution with constant stirring. The mother liquor is 
syphoned off the precipitated lead linoleate, which is then further 
washed, drained and dried. Heat after drying to^inoipient fusion to 
expel last traces of water. , 

Pyrolusik. Peroxide of Manganese, MnOj.—This is the oxide 
which most commonly occurs native, and is resorted to as the source 
of the other combinations of this metal. In this country it is common 
an Devonshire, Somersetshire, and Aberdeenshire. It is found in 
a variety of forms: compact and massive, pulverulent and crystallised. 
Many of the latter varieties have a grey metallic lustre, and are found 
aoioularly radiated, and in rhomboidal prisms. Its specific gravity 
varies between 4'8 and 4*9. It is the pyrolmite ’ of mineralogists. 

rip » fire, and Xiitir = to ut free, or looaett ; from the facility with whiclv^art 
' of its oxygen is expelled by heat; or, according to Qraham, fiom np and Keiti ill 
teath, from its use in discharging the colour of glass. 


The following analyses of five samples of native peroxide (rf-! 
manganese are given upon the authorities of Berthier (I., II., III.), 
Klaproth (IV.), and Turner (V.). 

ANALYSES OF NATIVE (PEROXIDE OF MANOANESE) PYBOLllSITE. 



I, 

If. 

III. 


V. 

Peroxide of mangauese .... 

UH-fl 

84-0 

75i*7 

M-6 

97-8 

„ „ iron. 

I'O 

■10 

10 

0-0 

0-0 

Oxide of copper ..... 

trace 

trace 

trace 

0-0 

0-0 

Carbonate of lime. 

0-0 

y-0 

‘14 0 

0-0 

Ot) 

Silica. 

40 

4-0 

l‘!i 

0-0 

0-6 

Baryta. 

Oi) 

0-0 

0-0 

0-0 

0-5 

Water. 

1*2 

1-0 

M 

0-5 

1‘2 


100-0 

100-0 

100 0 

100-0 

lOO’O 

- _. ..- ... -. - 




. 



Under the name of manganese, this substance is met with in com¬ 
merce, and is largely consumed in the manufacture of bleaching 
agents. In the laboratory, it is resorted to as a source of oxygen 
gas, 2MnO., = Mn^Oj + 0, for which purpose it should be well 
dried previous to introducing it into the retort: sometimes it is mixed 
with carbonaceous matter, and then yields carbonic acid : it also 
generally gives off a little nitrogen u})on the first application of heat, 
the source of which is not obvious. Uarbonate of lime, silica, oxide 
of iron, and some other substances, are, as the above analyses 
indicate, npt infrequently present, and lower its value pro rata 
associated with it. In the arts it is used to give a black colour to 
earthen-ware, and to remove the gieen colour which glass derives 
from protoxide of iron ; for this puqjose it is added in such quantity 
only as to peroxidise the iron, by becoming itself protoxide, and 
neither the peroxide of iron nor the protoxide of manganese, which 
remain, materially interfere with the colour of the glass: in this case, 
MnOj, acting on 2lb’eO, produces MnO and FejO,. A little excess 
of oxide of manganese is apt to give the glass a pink tint, which os is 
sometimes seen in plate glass windows, does not appear till after 
long exposure to light. This oxide is also said to sweeten foul water, 
or to prevent its becoming putrid. It usually loses weight (water), 
on being dried at a temperature not exceeding 300°; at a red-heat it-, 
becomes sesquioxide; and, intensely heated in an iron tube, or with, 
a minute quantity of carbonaceous matter, part of it becomes pro¬ 
toxide. It is not altered by air or water. It is a good conductor of . 
Blectricity. It forms no combinations with the acids; but such of i 
them as appear to dissolve it, reduce it to the state of protoxide.* 
Gentiy heated with hydrochloric acid, chlorine is liberated, utt 
|ot)8e^uence of the decomposition pf the acid by the oxygen of thh*; 
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oxide. MnOj + 4HC1 * MnClj + SHjO + Clj. Boiled with eul- 
phurio acid, oxygen is evolved, and a soluble sulphate of the protoxide 
is formed, [MnOj + SOj “ MnO, SOj + 0], together with a small 
portion of manganic acid, (which gives the solution a pink colour 
and bleaching properties ?) Nitric acid does not attack it unless it 
■contains sesquioxide, or some deoxidising agent be at the same time 
present. Many vegetable acids decompose it by the aid of heat. 

As binoxide of manganese is extensively used by the bleacher, 
and as it occurs of various degrees of purity in commerce, a ready 
mode of determining its value, or in other words, the quantity of 
■oxygen per cent, which it contains, is desirable: this may be effected 
an various ways, but it is generally attained by ascertaining its 
power of decomposing hydrochloric acid and evolving chlorine: to 
this end the oxide to be tested is mixed with hydrochloric acid, and 
heated, and the evolved chlorine is received into a jar containing 
lime diffused through water, by which a chloride of lime is formed ; 
the quantity of chlorine is then determined by the process already 
described. Other modes of testing this oxide have been suggested 
(see Kane's “ Elem. Ch.," 580. Graham, 536. Levol, “ Chem. Gaz.,” 
.April, 1843). 

Pure peroxide of manganese is sometimes useful as a test of the 
presence of iodine, bromine, and chlorine : when mixed with a salt 
containing iodine, and the mixture heated with a little sulphuric 
acid, the violet vapour of iodine is evolved ; the salts of bromine give 
in the same way a brown vapour; and from the chlorides cnlurine is 
evolved. 

Sulphate of Mantjanese. Manganous Sulphate. —This beautiful 
rose-coloured salt is formed, (1) by dissolving the protoxide or proto- 
■carbonate in dilute sulphuric acid, and evaporating; (2) by mixing 
peroxide of manganese into a paste with sulphuric acid, and heating 
it for some time to dull redness; oxygen is evolved, and the dry mass 
washed with water affords a solution of the sulphate of the protoxide, 
which may be crystallised by evaporation. This salt is much used 
in dyeing and calico-printing, for which purpose it is prepared by 
■“ igniting ” peroxide of manganese mixed with 'about one-tenth its 
weight of pounded coal in a gas retort. A little HCl is added towards 
the end of the operation. The protoxide thus formed is dissolved in 
diluted sulphuric acid with the addition at the end of a little hydro- 
•ohloric acid; the sulphate is evaporated to dryness, and again heated 
to redness in the gas retort; the iron is found, after the ignition, in 
the state of peroxide, and insoluble, the persulphate of iron being 
decomposed, while the sulphate of manganese is not injured by the 
temperature of ignition, and remains soluble. The solution is of an 
Amethystine colour, and does not readily crystallise. When cloth 
is passed through sulphate of manganese and afterwards through 
a caustic alkali, protoxide of manganese is precipitated upon it* and. 
rapidly becomes brown in the air; or it is at once peroxidised 



passing the do* through a solution of chloride of lime. The coldhr 
thus produced is called manganese brown (Graham). 

Sulphate of manganese, as obtained by gentle evaporation from 
the neutral solution, forms rhombic prisms wliioh contain 4 atoms 
of WTiter. When the crystals are formed between 45° and 68° F. 
they contain 5 atoms of water, and are isomorphous with sulphate of 
copper; and when formed under 42° F. they include 7 atoms of 
water, and are isomorphous with sulphate of iron (.Mitscherlioh). 
And lastly, when a concentrated solution of sulphate of manganese 
is mixed with sulphuric acid, it yields on evaporation small granular 
crystals containing only 1 atom of water. The solubility of sulphate 
of manganese varies with its water of crystallisation ; but, according 
to Brandes, the anhydrous salt is soluble in 2 parts of water at 
60 F. and in its own weight at 122 F.; at a higher temperature its 
solubility diminishes. It is insoluble in alcohol. The taste of sul¬ 
phate of manganese is styptic and bitterish, and the crystals have 
generally a slight tinge of pink. At 240' P. they lose 8 atoms 
of water, but retain 1 until heated above 400°; at a red*heat the 
salt becomes anhydrous, and in that state consists of the mono- 
hydrated salt Mn.SO^ => 109, which is greyish-white in 

colour, and is the starting-point of tin; manufacture of all man- ' 
ganese driers. 

Mauifani'w AciiiUr .—This salt is manufactured by double 
decomposition beiw'een acetate of lime and sul))hatc of manganese 
in equi^lent proportions. 

The reaction is as follows :— 

Ca(.\).j + _ MiiSOj ~ t^isSOj + Mn(X),. 

Calcium acetate Manganese sulphate Calcium sulphate Manganese acetate 

The brown acetate of lime may bo used. A solution of acetate 
of manganese marking 22° Twaddell, specific gravity 1110, is used 
in oil-boiling by steam in the proportion of 36 gallons to 10 tons of 
oil in conjunction with a small quantity of lead driers, the greater the 
proportion of whiclf the darker is the resultant boiled oil (see Vin¬ 
cent’s process of oil-boiling by steam, for which process this drier 
is especially applicable). 

Hydrated Peroxide of Manyanese ,—.Any sulphates or chlorides 
which may be present in small quantities are determined. If the 
hydrated oxide does not contain a large quantity of peroxide of 
manganese, it is worthless, and points to faulty washing. One or 
two per cents, of lime are harmless, larger quantities injurious. 
Besides the Mn content, the available oxygen is also determined. 



Hydrated peroxide of man¬ 
ganese . . . . 

Hydrated peroxide of man¬ 
ganese . . . , 

Hydrated oxide of man¬ 
ganese . . . . 

Hydrated oxide of man¬ 
ganese .... 

Hydrated oxide of man¬ 
ganese .... 

Hydrated protoxide of man¬ 
ganese .... 



Mq. 

Ariu!- 
able 0. 

MdOj. 

MDgO|, 

- 

MdO. 

—T 
Ojtidw 
or 

HaD< 

ganese. 

A 

88-11 

10-14 

49-37 

10-48 

_ 

59-80 

B 

58-67 

10-87 

33-38 

46-82 


80-15 

C 

44-05 

11-05 

50-51 

17-41 

- 

67-92 

D 

51-31 

8-59 

12-23 

62-60 

- 

74-83 

£ 

52-63 

5-55 


54-83 

18-60 

73-49 

P 

51-70 

5-82 


62-54 

19-52 

72-06 


Manganese Borate .—This is prepared by precipitating a solution 
of 382 parts, i.e. one equivalent of borax, NajB4O;10aq., with 169 
parts, i.e.'one equivalent of the monohydrated sulphate of manganese, 
MnSOj, HjO. The sulphate of manganese should be free from iron 
and the borax from excess of alkali. The iron may be removed from 
the sulphate by roasting the sulphate and redissolving. If the chloride 
be used enough soda is added until the precipitate becomes white and 
the filtrate precipitated by borax. The excess of alkali may be 
neutralised by the addition of the requisite quantity of Iwracic acid. 
Precipitation should be effected in the cold. This substance, when pure 
and skilfully prepared, is a perfectly white powder, but whiteness is 
not a guarantee of purity, as it is often most grossly sophisticated with 
sulphate of lime, zinc oxide, etc. More samples contain lime either 
as borate or sulphate; a few per cents, does no hami if the borate is to 
be used for oil boiling. Where a high Mn content is indispensable 
a larger quantity is injurious. But such a drier may still be used for 
powdered siccatives where the drier mixed with a large bulk of inert 
matter is added direct to the paint. It is sometimes very unskilfully 
prepared. Some commercial samples submitted to J. 6. McIntosh 
for analysis consisted of mere mechanical mixtures of sulphate of 
manganese and borax almost entirely destitute of drying power, 
Endemann and Paisley found the followfng percentages in four 
samples:— 


1. Boric acid, 39'86 i manganous oxide, 12-00 

2. „ „ 40-18; ., „ 16-19 

3. „ „ 87-38; „ „ 31-06 

4. „ „ 11-09; ., „ 6;43 

This salt is also made by acting on borax with manganous chloride 
and is supposed to be represented by the formula MnB^O^, but the 
washing with water to get rid of the sodium chloride partly decomposes: 
-it, and the salt is apt to turn brown from oxidation. Many iflsntt^ 






faoturert use a large excess of borax, and simpty dtSd itfe prebtjsiiitf 
without washing it. It often contains therefore 10 to 30 per cent, of 
sodium sulphate or sodium chloride. In the above analyses No. 8 
was a washed product which had been bleached with sulphate of 
sodium. No. 4 contained rosin. When manganous sulphate is used 
in the manufacture of borate of manganese the yield is less than with 
the chloride, as the sodium sulphate dissolves the manganese borate, 
Weger found the Mu content to vary greatly, 32 per cent, of Mn 
being the highest in the white article. The composition is not 
MuBjOj but more likely 2MuO. 3BjOj. 3H,^0. By reacting on man¬ 
ganous sulphate with the equivalent quantity of borex Endemaun 
and Paisley obtained precipitates which, in two cases, contained 
26’78 and 28‘82 per cent, of manganous oxide and 42'36 and 39'69 
per cent, of boric oxide (B,^ 03 ). If the salt were MiiB^O; the 
amounts of B^Oj for those two percentages of manganese should 
be 52’8 and 56^ per cent, rospeotively. They recommend the 
following process for the manufacture of borate of manganese: 
Manganous chloride is precipitated with boiax mixed with enough 
caustic soda to double the amount of soda present. The precipitate 
is washed twice with a little water. The loss of boric acid is found by 
analysing the wash water, and is replaced by mixing solid Iwrio acid 
with the nearij dry precipitate, and drying the mixture thoroughly. 
It may then be regarded as MnB^O;, with either three or ftve mole¬ 
cules of water. Borate of manganese prepared in this way gave 
capital^results as a drier. 

Manganese Oxalate. —Manganese oxalate is made by precipi¬ 
tating a solution of oxalate of soda by a manganese salt. In boiling 
the oxalic acid of the manganese oxalate is decomposed with evolution 
of COa, etc. • Very energetic oxidising properties are claimed for the 
residual manganese. 

Glycerinaled Borate of Manganese as a Drier. —II. Kutgers acts 
on the principle that manganese liorate dissolves in glycerine, and 
less drier need be used when such a solution is added to linseed oil. 

Manganese Nitrate. —Amongst other inorganic manganese salts 
the nitrate is the best; when added to hot linseed oil it decomposes'’ 
with separation of an oxide, the gaseous particles of which convert the ! 
oil at 150° to 170° C. into a boiled oil. 

The only organic acid salt of manganese used as a drier in actual 
practice is the acetate which is used in aqueous solution in oil boiling 
by steam, the high price of which is compensated by the small, 
amount required. 

Manganese Linoleate. —Manganese linoleate is made in the! 
eeme way as lead linoleate. A linseed oil soft Soap is precipitated by, 
a solution of the monohydrated sulphate of manganese, 169 parts ot ' 
which, or one equivalent, are equal to 112'3 parts, or two equivalent*! 
of pi^re caustic potash which contain 83'3 parts of anhydrous potassiq;. 
oxide (the percentage of real alkali contained in pure caustic potash)],,’ 
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and as 100 parts of linseed oil require lOj parts of pure caustic potasl 

t ‘‘ “ easy to make the neeessa^^ cal 

culation when working with potash of any strength different from 
the pure, viz 83-3 per cent, of real alkali. Or potash lye of a certain 

S^frZth® ’■'“•'“ess in real alkali ascer- 

tamed from the customary tables and the gravity as indicated by the 

hydrometer. For 100 lb. of linseed oil%ausL potash equal to 

^ ' *'*'^*"8 ‘“‘‘'ally with a weak 

solution and hnishmg with a more concentrated. The soft soau of 
Mmmerce contains about 50 per cent, of water, and though often 
made from linseed oil is not invariably so, and, moreover, it is gi'ossly 
adulterated with starch, silicate of soda, and so on. The varnish- 
maker who makes his own driers should, therefore, make also his 
own soft soap. Manganese Imoleate is precipitated, washed, pressed 
and dried m the same way as lead linoleate. 

liosinate of Miwj/emm.-Rosinate of'manganese is made in 
the same way as lead rosmate; for every 80 parts of pure caustic 
soda (containing 02 parts of pure anhydrous alkali sodium oxide) 
presen m the solution of rosinate of soda, 169 parts of monohydrated 
sulphate of manganese are required for precipitation. Mixed rosin- 
ates of manganese and lead and mixed linoleates of manganese and 
lead, as well as mixed rosmates and linoleates of both lead and 
manganese, can easily be made in the wet way, e.g.: The latter 
mixed drier is made thus. Saponify equal weights of rosin and 
linseed oil and precipitate by a solution of a mixture of the acetates 
or nitrates of manganese and lead in molecular proportions 'or the 
manganese salts may be precipitated by JlnSO,, and the mother 

Smi ^ precipitated by 

I b(.\),. This complex product after fusion and solution in turp's 

m a hne drier. It can of course after fusion be dissolved in linseed 

hused rosmates and linoleates are made by dissolving the oxides 
3t lead and manganese in rosin or in linseed oil respectively The 
croportions maybe calculated as follows; As the atomic weight of 
>8 to the saponification value of the cosin or linseed oil 
lay 17-u and 19-u per cent, respectively, so is half the atomic weight 
If litharge Ul o and manganese dioxide iS S to the amount of 
itharge or manganese required per cent. Commercial raw materials 
■re often grossly adulterated. 

Although the above is correct in theory, practice determines that 
osm m a state of fusion is incapable of absorbing the above mentioned 
xides sufficiently for total saturation of its acid content. Indeed the 
rorking quantities are far below those of the theoretical figures as. 
le foliowing must prove® ’ 
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“Vablb showing approximate absorption by bosin 

AND MANGANESE OXIDES. 


IF LBADi: 


Product, 

Kosin, 

; Part* by 

litharge, PbO, 
Parts by 

MangaiuMe, MuOfi 
Parte by 


1 Weight. 

1 

Weight. 

Weight 

Lead rosinate 

i 

. 1 lOO 

12 


Manganese rosinate . 

. ' 100 


8-8 

Lead and manganese rosinate 

. 1 100 

. 6 

2 


Bosittates of Manganese and Lead .—The true roainates of man¬ 
ganese and lead are made not by saponifying rosin hut by saponify¬ 
ing such hard resins as copal by caustic Ro<ia and reprecipitating by 
a salt of lead or manganese. They form interesting compounds, but 
they are even more intractable as far as solution in oil is concerned 
than the original resins (not rosin) from which they are derived. 

In 1891 P. H. Thorpe determined the effect of temperature and 
•of various driers on linseed oil during boiling. 

He used Calcutta raw linseed oil. It was a very pale yellow 
■colour, and cold pressed. In each experiment 50 o.o. was used, 
put into a tube of thin Bohemian glass, and plunged with several 
ethers into a sand-bath, the sand reaching half-way up the con¬ 
tents of the tube. During boiling the contents of ihe tubes were 
•stirred. The drier, before being introduced into the oil, was rendered 
anhydrjus. The best results were got by heating the sand-bath up 
to between 230° and 275“ C. (446° to 527° F.). After heating, the 
•quality of the oil was assessed by covering small plates of glass with 
it and allowing it to dry in a ventilated room. The varnish was oon- 
cidered dry When it could be touched without leaving finger-marks 
upon it. The table on p. 322 gives the results obtained. Some of 
them do not seem altogether in accordance with results obtained on 
the large scale. But results obtained by heating tubes in sand can 
hardly be regarded as comparative. Again, the influence of mass in. 
•oil boiling makes itself felt as in other chemical operations. Mere 
laboratory experiments can only serve as a rough guide. 

Davidson in his report of what was practically a repetition of the 
above experiments in a eSpper dish claims, but in nowise proves, that 
he dissolved 2 per cent, each of litharge, red lead, and lead acetate 
in the oil in 20 minutes at 250° C., without finding any metallic 
residue, any metallic oxide residue, nor other insoluble I He gives 
no analysis of the boiled oils, and his statement, which flatly con¬ 
tradicts the practical experience of thousands of others, must be 
taken with more than the usual amount of reserve and caution 
for any credence to be given to Davidson’s assertion. Lead driers 
leave a residue of metallic lead on the bottom of the pot. 

Manufacture of Bosinates and Linokates .—^The manufac¬ 
ture of metallic rosinate driers affords j), good opportunity of showing - 
I. .21“' 
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Siccative. 

Quantity Employe) 
(in Grammes). 

Leng:th of the Boil 
ing (Hours). 

3 

HS 

<5 

0 . 

•4^ A 

aC 

4) a 

I' 

e 

Appearance of the | 
Dry Coat. 

Litharge 

1*0 

2i 

220 

(i 

Almost colourless. | 

0-2 

2| 

250 

10 

»» »* i 

Peroxide of load . 

0*8 

1+ 

250 

10 

*» tf 

Strongly coloured. 

1-072 

li 

220 

several 

days 

Chloride ,, 

1-274 

2i 

250-360 

24 

Slightly „ ; 

lied lead 

1-024 

24 

220-285 

24 

Strongly „ 

Oxalate of lead 

1-3-28 

2i 

300 

did not 
dry 

Tartrate ,, 

l(i 

2t 

270 

24 

,, ,, 

Acetate ,, 

l-4f) 

21 

270 

12 

Slightly „ 

Borate ,, 

1‘105 

H 

220..S00 

20 

,, ,, 

Carbonate „ 

M‘)7 

2 

225 

10 

Almost colourless. 

Oxide of xino 

0-5 

21 

250 

45 

Sulphate ,, 

1-987 

24 

285 

45 

Yellow. 

1-5 

2 

230 

45 

Acetate „ 

10 

21 

295-280 

40 

Colourless. 

Borate „ 

1-0 

2 

240 

40 

Almost colourless. 


0-5 

11 

240 

46 


Citrate „ 

0*5 

14 

240 

46 

»» •• 

vrj 

24 

280 

3f) 

»» n 

Acetate of manganese . 

1-0 

21 

225-250 

20 

Colourless and hard. 

Borate ,, 

1-625 

21 

220 

20 

Sulphate „ 

1-72 

2 

240 

40 

,, 

Oxalate ,, 

1-61 


280 

40 

Strongly coloured. 

Acetate „ 

0*5 

2 

225-250 

20 

Bomto 

0-5 

1 

230 

20 

Colourless. 

Acetate ,, 

0-5 

11 

225-250 

20 

„ 

Oxalate ,, 

1*5 

24 

2.30 

30 

,, 1 

Sulphate ,, 

1-5 

24 

2? 

240 

36 

Yellow. 

Oxalate „ 

1-0 

240 

48 

Citrate „ 

1-5 

14 

280 

24 

Black. 

Tartrate ,, 

1-0 

24 

280 

24 

Colourless. 

Pormiato ,, 

1-0 

1 

200 

24 

Slightly coloured. 


THE AMOUNT OP METALLIC OXIDE ACTUALLY DISSOLVED AND 
HELD IN SOLUTION PER CENT. BY CERTAIN OP (1) THE LEAD 


















the poor place taken by Germany in oil colour tiade progress. In 
no department of chemical industry as in the oil and colour trade 
is the absolutely false idea so jirevalent that we owe any great im¬ 
provement to Germany and the thu'mans. All our knowledge about 
driers, their methods of manufacture, and the principle of their use 
has for several dec,ades been credited to Gonnauy, whereas the 
knowledge, if not our own, comes to ns direct from l'’i'tvnce. Ger¬ 
many has not made one single improvement in the industry since or 
before it became an Kmpire—since or before 1870. Chevreul,i a 
I'Venchraan, .lean, another Frenchman, and Barruel, another French-. 



Fro. 81.—Steam-jockoteil pan for uso in making rosinato of soila, rosin soap, and 
fitted with revolving chain agitator. 

man, and Zinokowicz, evidently a Polish refugee living in Paris, all 
knew as much or more adrout driers and their catalytic actions and 
functions than any German does at the present day. .lean and 
Barruel and Zinckowicz were experts in the use of borate of man¬ 
ganese. So also was our own Vincent, who boiled oil by steam in 
Milford Lane, Strand, prior to 1870 with a manganese cum lead 
drier. 

All German books on oils are conspicuously silent on the fact 
that both rosinate and borate driers originated in France, and were 
the invention of the Polish refugee Zinckowicz. Be it well under- 
8tood,that this Zinckowicz made borates, benzoates, and urobenzoates 
.(hippurates) of not only manganese, but also of nickel and cobalt.' 



tTHHl MAHCFAmSE.OF tABNISHES. ' 

The renaissance of cobalt driers, half a century after Zinckowicz, 
was hailed as the advent of new and hitherto unknown driers, and 
again put down to the Germans! 

Benzoate of Cobalt. Zinckowicz’s Method of Preparation. —Ben¬ 
zoic acid is dissolved in boiling water, and the stirred liquor is 
gradually mixed with powdered cobalt carbonate until all effervescence 
ceases, and blue litmus does not turn red in tbe liquor. The excess 
of carbonate is separated by filtration, the liquor is evaporated to 
dryness, and the heating is continued until tbe salt has lost all its 
water and has become of a light brown colour. Zinckowicz evidently 
knew that hydrated organic driers do not dissolve in oil. The salt 
thus prepared is an amorphous hard and brownish material, which 
may be powdered like rosin, and which may be kept in the pulverulent 
state in any climate simply folded in paper. The Mn drier presents 
nearly the same physical characteristics as the cobalt salt; applied 
under the same conditions, it dries a little more rapidly and a little 
less is needed. The benzoate of manganese is prepared in the same 
manner by substituting MnCO^ for CoCOj. An experiment by 
Zinckowicz with this drier showed that in the ratio of 3 lb. to 1000 
lb. of linseed oil mixed with about 1200 lb. of zinc white, a piece of 
painting was dried in from 18 to 20 hours. The temperature was 
relatively cold and wet and between 12'’ and 15° C. 

Cobalt Borate.—A soluble salt of cobalt; the sulphate, for instance, 
is dissolved in cold water, and this solution is precipitated by a cold 
one of borax. The precipitated borate of cobalt is collected on cloth 
filters, washed with cold water, and dried in the air. 

The chief, if not the only acid existing in common rosin, is a di¬ 
basic acid which has been termed sylvic, pimaric, and abietic acid, 
and different observers have ascribed to it different formul® and 
different molecular weights. Mach gave it the formula C,9H,2j02, 
with the molecular weight of 288. On the other hand, Fahrion 
named what he claims to be the same acid, sylvic acid, with the 
formula CaDHa^O.^, with the molecular weight 302. As the acid of 
rosin is dibasic, i.e. its displaceable hydrogen requires 2 atoms of 
a monad metal to replace it, it follows that 112’2 parts of KHO are 
required to saturate 1 molecule of the free acid in rosin. But 
there are other substances in rosin besides its free acid, which con- 
,8ume potash before complete saponification occurs, viz. rosin ethers. 
So the saponification number of rosin is always higher than its 
acid number. 

Manufacture of Bosinates. —The first stage in the manufacture of 
rosinates is the manufacture of rosinate of soda, and if too little or 
too much alkali be used to saponify the rosin, the soluble drier made 
from such rosinate of soda will be liable to contain free rosin on the 
one hand, or an excess of base on the other. When carbonate of 
soda is used in excess, the carbonate of the metals forming the° 
rosinates or linoleates is precipitated on to the rosinate or linoieate,i 
As the precipitated carbonates of lead and manganese are boti^ 
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energetic driers, possibly little harm is done by a slight excess. 
When caustic soda is used, any excess of the latter combines with 
the metal of the precipitating salt to form a hydrate, and here again 
little, if any, injury is caused to the resultant drier. The first thing 
to do, therefore, is to determine the saponification value as described 
elsewhere. 

COMBINING WEIGHT OK DIEEEKENT .SAMPLES OE AMERICAN 
ROSIN. (EVANS AND BEACH.) 


No, 

Grade. 

I (XmtUutDg 
j Weight. 

No. 

Uraile. 

C'-onihiuhig 

Woiglit. 

1 

W. G. 

! 32H-{I 

0 

K. 

365-0 

2 

F. 

333-5 

10 

I. 

356-9 

3 

M. 

1 334-5 

11 

H. 

854 •« 

4 

N. 

351-4 

12 

G. 

854-9 

5 

W. W. 

333-3 

1.8 

F. 

380-8 

0 

W. G. 

344-5 

14 

E. 

847 •!) 

7 

N. 

347-5 

15 

1). 

840-9 

« 

M. 

333-8 

1 

Id < 

C. 

850’8 


Evans and Beach found that the combining weight of rosin varies 
widely in both directions from that given l»y Twitchell, and what is 
more disappointing is that the grade, which is largely determined by 
the colour, has little or no relation to the combining weight. 

The molecular weight of sylvic acid with the formula is 

• C 20x12.240 

II 80 X 1..80 

Oj.82 


802 


In determining saponification values of both rosin and linseed oil, 
cheese-paring calculations are absurd and shall not be indulged in 
here. The same remark applies to the saixmification of linseed oil.^‘ 
The following table of alkali required to saponify oils of a mean 
molecular weight is calculated to the second decimal place of a litre 
for as much as 10 qjetric tons of oil:— 



Litres of 
Caustic Alkali, 

8 p. Or. M. 

, Litres of 

Caustic Alkali, 
8 p, Or. 1-2. 

Litres of 
('austic Alkali, 
Sp. Or. 1-.3. 

Litres of 
Caustic Alkali, 
8 p. Or. I*.i55. 


NaHO. 

KHO. 

N»HO. 

KHO. 

NaHO. 

KHO. 

N»HO. ' KHO. 

1000 

1461-40 

1482-66 

658-06 

742*81 

397*54 

486-13 

819-11, 408-.54 

2000 

2922-81 

2965-12 

1310-12 

1449-61 

795-07 

970-27 

628-28 807-08 

3000 

4384-21 

4447-67 

1974-18 

2174-42 

1192-61 

1455*40 

957-84 11210-61 

4000 

6845-62 

6980-23 

2682-24 

2899*22 

1690-14 

1940-53 

1276-45 i 1614-16 

6000 

7807-02 

7412-79 

3290-80 

3624-08 

1987-68 

2425-67 

1595-57 2017-69 

6000 

8768-42 

8895-35 

.3948-85 

4848-84 

2386*21 

2910-80 

1914-68.2421-28 

7000 

10229-88 

10877-91 

4606-41 

6078-64 

2782-76 

8895-98 

2238-79 1 2824-77 

SOQO 

11691-28 

11860-46 

5264-47 

6798-45 

8190-28 

8881-06 

2552-90 i 8228-80 

90db 

18152-64 

18343-02 

6922-68 

6523-25 

3577-82 

4366-20 

2872-02 j 8681-84 

10000 

14614-04 {14826-58 

6580-59 

7248-06 

8976-35 

4861-38 

3191-13 ‘ 4035-88 
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STRENGTH OF SOLUTIONS OF CAUSTIC POTASH ACCORDING TO 
BAUMfrS HYDROMETER, WITH EQUIVALENT READING ON 
TWADDELL’S SCALE. 





100 Ih. 

100 hh. 

100 (jallons 1100 (Gallons 

Density. 

Banmc-". 

TwtuWel 

Contain 

Contain 

Contain 

Contain 




in LG. 

in LG. 

in Lb. 

in Lt>. 




K.,0. 

KOH. 

KaO. 

KOH. 

LOOT 

1 

1-4 

0-7 

0-9 

7 

9 

1-014 

y 

2*8 

1-4 

1-7 

14 

17 

1-022 

3 

4-4 

2*2 

2-6 

22 

26 

1-029 

4 

5-8 

2-9 

8*5 

30 

36 

1-0.S7 

5 

7’4 

8-8 

4-5 

39 

46 

1-045 

G 

9-0 

4*7 

5-G 

49 

58 

1-0.52 

7 

10’4 

5-4 

6-4 

57 

67 

l-0(j0 

8 

12-0 

G-2 

7-4 

()(i 

78 

l-0«7 

1) 

13’4 

G-9 

8-2 

74 

88 

1-07.5 

10 

15*0 

7-7 

9*2 

83 

99 

1-08.S 

11 

16-G 

8-5 

10-1 

92 

lOJ) 

1-091 

12 

18-2 

9-2 

10-9 

100 

119 

1-100 

13 

20-0 

10-1 

12-0 

111 

132 

1-108 

14 

21*6 

10-8 

12-9 

119 

143 

1-110 

15 

23*2 

11-C 

13-8 

129 

153 

1-12.5 

IG 

25’0 

12-4 

14-8 

140 

167 

1-1,54 

17 

2G’8 

13-2 

15-7 

150 

178 

1-142 

18 

28*4 

13-9 

16*5 

159 

188 

1-1.52 

lU 

30*4 

14-8 

17*() 

170 

203 

1-102 

20 

32-4 

15-G 

18-G 

181 

216 

1-171 

21 

84*2 

10*4 

19-5 

192 

228 

1-180 

22 

3G-0 

17-2 

20-5 

203 

242 

1-190 

23 

88-0 

18-0 

21-4 

214 

2.75 

1-200 

24 

40*0 

18-B 

22-4 

226 

269 

1-210 

25 

42-0 

19-G 

23-3 

237 

- 282 

1-220 

26 

44-0 

20-3 

24-2 

248 

-295 

1-231 

27 

4G*2 

21-1 

25-i 

2(W 

:309 

1-241 

28 

48*2 

21-9 

2C-1 

272 

324 

1-252 

29 

50-4 

22-7 

27-0 

284 

338 

1-203 

30 

52-C 

23-5 

280 

297 

363 

1-274 

81 

54-8 

24-2 

28-9 

308 

368 

1-285 

32 

67*0 

25-0 

29-8 

321 

385 

1-297 

88 

59*4 

25-8 

30-7 

335 

898 

1-308 

34 

Gl-C 

2G-7 

31-8 

349 

416 

1-.320 

85 

G4-0 

27-5 

32-7 

303 

482 

1-332 

86 

GG-4 

28-3 

33-7 

377 

449 

1-345 

37 

G9-0 

29-3 

34-9 

394 

469 

1-3,57 

88 

71-4 

30-2 

35-9 , 

410 

487 

1-370 

39 

74-0 

31-0 

36-9 

425 

506 

1-383 

40 

7G’6 

31-8 

87-8 

440 

522 

1-397 

41 

79-4 

32-7 

■ 38-9 

457 

543 

1-410 

42 

82’0 

83-5 

39-9 

472 

563 

1-424 

43 

84-8 

84-4 

40-9 

490 

582 

1-4.38 

44 

87*6 

85-4 

42-1 

509 

605 

1-453 

45 

90-6 

36-5 

43-4 

530 

631 

1-468 

46 

98*G 

37*5 

44-6 

649 

655 

1-488 

47 

96-G 

38-5 

45-8 

671 

679 

1-498 

48 

99-6 

89-6 

47-1 

593 

706 

1-514 

49 

102'8 

40-0 

48-3 

615 

731 

1-580 

50 

106-0 

41-6 

49-4 

635 

756 

1-546 

51 

109-2 

42-5 

50-6 

655 

779 

1-568 

52 

112-6 

43C 

51-9 

681 

811 

1-580 

53 

116-0 

44-7 

58-2 

706 

840 

1-597 

54 

119-4 

45-8 

54-5 

781 

870 

1-615 

55 

123-0 

47-0 

55-9 

764 

902 

1-684 

66 

126-8 

48-3 

67-6 

789 

940 
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It only aggravates matters when these cheese-paring calculations 
».'e the work of a man who prides himself on being an eminent 
scientist—which shows that one may take a scientilio man as a 
guide and still in reality be in actual practice a rule-of-thumb man of 
the very worst type, vainly imagining he is working scientifically. The 
only object of such a table could be to impress the rule-of-thumb man 
with the wonderful accuracy of the man of science who can calculate 
to the second decimal place of a litre the number of litres required to 
saponify 10 tons of oil. If the saponilicalion value of the oil in ques¬ 
tion was known, such fastidious accuracy might bo excusable; here it 
is most grotesque. 

The strength of commercial alkali is always ex))roH8ed in per 
cent, of anhydrous alkali, as in the second horizontal line; it the 
caustic potash be pure it contains 91’2 jjer cent., and knowing the 
saponification value of the oil and the percentage of anhydrous jmtash 
in the alkali being used, the calculation of the amount required to 
saponify any given oil or rosin whose saponilication value is known 
is a simple matter. Thus 100 lb. of rosin will, with the saponification 
value of 170, require 17 lb. of potash KlIO, the nearest solution, using 
100 lb. of that strength, specific gravity 1'117, say about 29“ Tw. The 
figures are for pure potash. The best plan of course would bo to dis¬ 
solve the 17 ll). of potash in water and make up to a given strength, 
say 10 per cent, or 12 per cent. KOFI. Such a solution, 12 per cent,, 
as will be seen from tho table, has a specific gravity of I'lOO, 20“ Tw., 
and lij gallons of it contain ll 'J lb. of KOJI. 1.5 gallons of it con¬ 
tain nearly l.S lb.; tbe right proportion is about 14j| gallons. 


Thk Manufacturk of Mf.tallic Linoi.katbs and othkk 
Mutaulic Soars. 

Aluminmm LitwUale.—TXm is one of the most important of all. 
Alumina itself is capable of saixtnifying fats, but the aluminates of 
potash or soda do so strongly, and produce a light aluminium soap 
which has many uses, in waterproofing wood and garments for 
example, and in paper manufacture. ' 

Lead Limleate —This is made by saponifying drying oils, chiefly 
those of linseed and htftnp oils, with red lead, litharge or white lead, 
or by precipitating a solution of ordinary soap with lead acetate. It 
is used as a siccative. 

Lead acetate, Pb(C.^H,02),,311/1. 3-5 lb. would decompose 7-7 

lb. of soap. 

Magnesium Linoleate .—This soap has of late assumed consider-,' 
able importance in candle manufacture. Now that the price of; 
magnesia has fallen, its advantages over lime as a saponifying agent 
can be taken advantage of. Less of it is required than of lime for any, 
givqp quantity of fat, and the magnesium sulphate formed when the 
soap is decomposed with sulphuric acid is soluble. The fatty acids' 
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STRENGTH OP SOLUTIONS OP CAUSTIC SODA AS DETERMINED BV.; 
BAUME’S HYDROMETER, WITH THE EQUIVALENT READING 'f 
ON twaddell’s scale. 


Density. 

Baumt-. 

Twaddell. 

Per Cent. 
NaaO. 

Per Cent. 
NaOH. 

One Cubic 
Metre 
Contdns 
in Kg or 
lOOOtulons 
in Lb. 

One Cubic 
Metre 
Contains 
in Kg or 
lOOGiuIons 
in Lb. 

1-007 

1 

1-4 

0-47 

0-61 

NsflO. 

4 

NaOH. 

6 

1-014 

2 

2-8 

0-93 

1-20 

9 

12 

1-022 

3 

4*4 

1*56 

2-00 

16 

21 

1-029 

4 

5-8 

2-10 

2-71 

22 

28 

1-036 

5 

7-2 

2-60 

3-35 

27 

35 

1-045 

6 

9-0 

3-10 

4*00 

82 

42 

1-052 

7 

10-4 

3-60 

4*64 

38 

49 

1-060 

8 

12-0 

4-10 

5-29 

43 

56 

1-067 

y 

13-4 

4-55 

5*87 

49 

03 

1-075 

10 

15-0 

6-08 ' 

6-55 

56 

70 

1-083 

11 

16-6 

6-67 

7*31 

01 

79 

1-091 

12 

18-2 

6-20 

8-00 

68 

87 

1-100 

13 

20-0 

0-73 

8-68 

74 

95 

1-108 

14 

21-6 

7-80 

9*42 

81 

104 

1-116 

16 

23-2 

7*80 

10-06 

87 

112 

1-125 

16 

25-0 

8*50 

10-97 

96 

123 

1*134 

17 

26-8 

9-18 

11-84 

104 

134 

1-142 

18 

28-4 

9-80 

12-64 

112 

144 

1-152 

19 

30-4 

10-50 

13*55 

121 

150 

1-162 

20 

82-4 

1114 

14-37 

129 

167 

1-171 

21 

34*2 

11-73 

15*13 

137 

. 177 

1-180 

22 

36*0 

12-33 

15-91 

14C 

188 

1-190 

23 

38-0 

13-00 

16-77 

155 

200 

1-200 

24 

40-0 

13-70 

17-67 

164 

212 

1-210 

26 

42-0 

14-40 

18-58 

174 

225 

1-220 

26 

44-0 

16-18 

19-58 

185 

239 

1-231 

27 

46-2 

16-96 

20-59 

196 

258 

1-241 

28 

48-2 

16-76 

21-42 

208 

266 

1-252 

29 

50-4 

17-55 

22-64 

220 

283 

1-263 

30 

62-6 

18*36 

28-67 

232 

299 

1-274 

81 

54*8 

19-23 

24-81 

245 

310 

1-285 

32 

67-0 

20-00 

25-80 

267 

332 

1-297 

33 

69*4 

20-80 

26-83 

270 

848 

1-308 

34 

61-6 

21-55 

27-80 

282 

364 

1-320 

35 

64-0 

22-85 

28-83 ' 

295 

381 

1-332 

36 

66-4 

23-20 

29-93 

309 

399 

1-345 

87 

69-0 

24-20 

8M2 

326 

420 

1-357 

88 

71-4 

25-17 

32-47 

342 

441 

1-870 

39 

74-0 

26-12 

33-69 

859 

462 

1-388 

40 

76-0 

27-10 

34-96 

376 

483 

1-897 

41 

79-4 

28-10 

86-25 

392 

506 

1-410 

42 

82-0 

29-05 

37-47 

410 

528 

1-424 

48 

84-8 

30-08 

38-80 

428 

553 

1-488 

44 

87-8 

31-00 

39-99 

446 

575 

1-463 

45 

90-6 

32-10 

41-41 

466 

602 

1-468 

. 46 

93-6 

33-20 

42-83 

487 

6-29 

1-488 

47 

96-6 

84-40 

44-38 

510 

668 

1-498 

48 

99-6 

35-70 

46-16 

535 

691 

1-514 

49 

102-8 

36-90 

47-60 

559 

721 

1-580 

SO 

106-0 

88-00 

49-02 

681 

7S9 


. . 


Fot notosi opposite page. 
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swim on the top of the solution of it, and are mor^ easily separated 
from it than from the insoluble calcium sulphate. 

Manganese sulphate, MnSOj7IIjO. 2-5 lb. would decompose 7'7 
lb. of soap. 

Manganese Linoleate .—An important drier made by piecipitating 
a solution of linseed oil soap with one of a manganese salt, or by dis¬ 
solving sulphate or black oxide of manganese in linoleic acid, linseed 
oil, hemp oil, etc., by the aid of heat. 

Tin Linoleate .—This is made by precipitating linseed oil soap 
solution with one of stannous or stannic chloride. 

The colours of the various insoluble linoleates are as follows :— 


Calcium Boap. 

.while 

Copper „ . 

.green 

Zinc ,, . 

.while 

Lead . 

. . . . . . . 1 , 

Manganese soap . 

..pale pink 

Aluminium „ 

.white 

Ferric soap . 

.yellow 


A peculiar property of the linoleates insoluble in water is that they 
are freely soluble in turpentine, benzine, light petroleum, and carbon 
■bisulphide, while the palmitates and stearates are insoluble; hence 
the insoluble soaps produced from a soap made from olive oil (con¬ 
sisting principally of sodium oleate) can be dissolved almost entirely, 
whereas the soaps made from palm oil (consisting largely of sodium 
palmit#te) or tallow (consisting largely of sodium stearate and palmi- 
tate) only dissolve very slightly, that portion which dissolves being 
the linoleate of the metal, there being some linoleic acid also con¬ 
tained in these soaps. 

Use is hiade of this fact in applying a solution of one of these 
metallic linoleates in benzine, or petroleum spirit, for waterproofing 
paper, cotton, and leather. 

Potash and soda soaps, soluble in water and giving a solution 
which removes grease, have long been employed as cleansing agents;' 
other soaps are, however, not so well known, though they are extremely 
useful. It is a welk-known fact that a soap results from the combina¬ 
tion of a fatty acid with a base; in the case of the soluble soaps, the 
• 

Notes for Table on p. .328. 

1. To convert per cents. K,0 into tfaeir equivalents of Na,0, multiply by C2 
and divide by 94. 

2. To convert per cents. KOH into their equivalent in NaOH, multiply by 40 
and divide by S6'l. 

8. To convert pet cents. NajO into their equivalents of K/), multiply by 94 
and divide by 62. 

4. To convert per cents. NaOH into their equivalents in KOH, multiply by 
68-1 and divide by 40. 

A smaller amount of NaOH = 40 or Na,0 ^ 62 will neutralise the same 
amount of acid ae the larger quantities of K,0 ^ 94'2 or KRO 66'1. Henc» 
inverse proportion in 1 and 2 and ordinary proportion in 8 and 4. 
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i ; base is either potash or soda, but the soaps formed by the union of a 
fatty acid with the metals calcium, barium, magnesium, aluminium, 
' iron, copper, etc., are all insoluble in water. The oils and fata used in 
■ the preparation of soaps are never pure glycerides; hence the soaps 
contain more than one fatty acid, the three fatty acids oleic, palmitic, 
and stearic usually occurring together. The soaps of commerce are, 
therefore, mixtures of potassium or sodium oleate, palmitate, and 
stearate, the formula! for which are given below:— 



1 

1 Oleic. 

1 

j Palmitic. 

Stearic. 

Acid. 

Sodium salt . 

Potassium salt . . . | 

HC„1I.,30, 

NaCjgHjigO.j 

KC,„U3,0., 

HC,.H„0.3 

KC„H„0., 


fn washing with hard water it will be easily noticed that a large 
quantity of soap is used up before a lather is obtained, and that, sub¬ 
sequently, a white curdy deposit is formed; this is a lime soap in¬ 
soluble in water, and it is produced by the union of the fatty acids of 
the soap with the lime present in the water. The same reaction may 
be brought about by the addition of a solution of calcium chloride to 
a solution of soap, the curdy precipitate falling as the two are mixed 
until, when the calcium chloride is in excess, a lather ceases to be 
produced when the liquid i; agitated. This is the general method of 
preparing the insoluble soaps, though other methods are practised on 
.a large scale for particular purposes. 

The double decomposition which occurs when a solution of a soap 
is precipitated with a solution of calcium chloride is shown in the 
following equation, the soap being represented as sodium oleate ;— 

2 NaC„H 330 ., + CaCl^ = Ca(C,8H„02)2 + 2NaCl. 

It will be seen that one molecule of calcium chloride will decom¬ 
pose two molecules of sodium oleate, and, knowing the weights of 
these molecules, it is easy to calculate what any given weight of a 
.soap will require of calcium chloride to decompose it, so that in the 
actual work none of the reagents may be thrown away. 

For instance, two molecules of sodium Sleate weighing 608 are 
■decomposed by one molecule of calcium chloride weighing 111, or 5’5 
pts. of sodium oleate are decomposed by 1 pt. of calcium chloride. 

The molecular weights of sodium stearate and sodium palmitate 
are nearly the same as that of sodium oleate; that is, two molecules 
■of the first equal 612 and two molecules of the second equal 576; 
therefore an ordinary soap containing all three acids may be assumed 
to have a molecular weight intermediate to these, and two molecules 
would equal approximately 600; one part of calcium chloride would 
therefore decompose 5'4 pts. of such a soap. , 

The above calculation assumes that the soap is pure and dry,. 
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which, of course, is not the case, but with a soap containing 30 per 
cent, of water. 


5-4 



7-7 lb. 


would 1)0 decomposed 1 \y 1 lb. of calcium chloride. 

Lime iioap .—Lime soap has been of great im])ortance in the 
candle tnide since Milly succ<“eiled in replacing the costly process of 
saponifying fats with caustic soda lye by the cheaper method of using 
lime. The resulting insoluble lime soap is decomposed with dilute 
sulphuric acid. When the calcium sulphate formed has settled to the 
bottom, the fatty acids are run off and allowed to cool. The solid 
ones among them are made into candles. The precipitation of lime 
soap which occurs when ordinary soap is used with hard water is 
well known. 

The reaction which takes place when any other metallic salt is 
employed is precisely similar, and the calculated i|uantitieH of the 
following salts would decompose the same weight of soap:— 

Copper sulphate, CuSOifflLO. 2 2 lb would decotn|)ose 7'7 lb. 
of soap. 

Copper .S'oap.—This is prepared by precipitating a solution of a 
hard or soft ordinary soap with one of sulphate of copper or by boil¬ 
ing oleic acid with copper carbonate. It is a green soap, which dries 
to a brittle mass, slightly soluble in alcobol but freely in oils or in 
ether. 

Copper Stearate. 70 lb. of stearine, are melted in a copirer kcttlo 
and 13 lb. of sodium or potassium hydrate, made up to IK per cent, 
solution, run slowly in and stirred until the soa]) is quite, clear. In 
another tub 07 lb. of copper sulphate are dissolvi'd and the stearine 
soap thrown out with this solution. The copjier stearate formed is 
removed to another pan, and the water driven off when it is packed 
in wooden casks. 

Zinc sulphate, ZnS0j7I1..0. 2 0 IV). would decompose 7 7 lb. of 
soap. 

Zinc Soap .—This is a plate-like mass of yellowish-white and is 
prepared by heatirfg zinc oxide with a fat or oil, or by precijiitating 
ordinary soap with a zinc salt. It is used with zinc white in painting. 

Ferrous sulphate, FeS0^7H.jO. 2'5 lb. would decompose 7'7 lb. 
of soap. 

Iron Soap .—Prepared by precipitating a solution of ordinary soap 
with one of ferrous sulphate. A mixture of copper soap and iron soap 
is used to give plaster casts a very durable Itronze. 

Aluminium and ferric salts decompose six molecules of soap as 
shown in the following equation :— 

6NaC,sH„02 + Al^lSO,), - Ab^fC^H^p,,),, + 3Na,,SO„ 
therefore:— 

Aluminium sulphate, Al2(804)3l8H20. 4'0 lb. would decompose 
,7’7 lb, of soap. 
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Alum, Al2(S04)3K2S0424Hj0. 5’7 lb. would decompose 7 7 lb. of 
soap. 

The choice lof paints for painting the bottom of ships, namely,, 
from the water-line downwards, is of importance, as much is required 
of such paints. It is well known that in a short time numbers of 
small sea animals attach themselves to the bottom of sea-going 
vessels, and sometimes form a considerable crust, which influences 
their speed in a marked degree; both by the additional weight and 
the greater friction thereby occasioned. The object therefore of 
paints tor this purpose is to produce a poisonous effect upon these 
sea animals, to prevent them accumulating. Various means have 
been tried; for instance, the addition of Schweinturt green to ordin¬ 
ary oil paints. This has a certain effect, but in the first place the 
grinding of the arsenical green with varnish has a bad effect uponi 
the health of workmen, and, further, the paint after completely 
drying, no longerl affects the small sea animals in a sufficient degree’ 
in order to kill them. Paints have also been prepared which do not 
dry completely, so as to have a stronger action ; these are generally 
applied hot, but a paint that becomes quite hard is probably to be 
preferred. 

Paints for the bottoms of ships should also give a good durable 
coating, as repainting below the water-line is costly and troublesome. 
Compounds of metals with fatty acids constitute the chief components,, 
according to the following processes, for good paints. In the first 
place two metal compounds are prepared, copper linoleate and copper 
stearate; the latter for use in paints which are to remain soft, and 
which must be applied hot. A further copper compound is also re¬ 
quired to act as the poisonous principle, such as verdigris. 

C(ip]ter linoleate .—An 18 per cent, solution is made from 18 lb. 
of caustic potash or caustic soda and heated in a kettle to 70° C. 
(158° P.); 90 lb. of linseed oil are then slowly run in with constant 
stirring; the whole is then diluted with 5 gallons of water, and heated 
up until the soap boils clear. In a suitable cask, 55 lb. of copper 
sulphate are dissolved in 50 gallons of water, and slowly precipitated 
while well stirring with the linseed oil soap; after settling out, the 
liquor is drawn off and the precipitate of copper linoleate well washed 
and strained; it is then brought into a cast-ifon kettle and heated to 
100° C. (212’ F.) to drive off the remaining water, being afterwards 
packed in wooden casks. The yield on the above given quantities is 
about 95 lb. 

Verdigris .—It has been recommended to make verdigris by double 
decomposition. 60 lb. of lead acetate, after melting in a copper kettle, 
are poured into a fiat copper pan, and 40 lb. of finely powdered copper 
sulphate stirred in. A tough paste forms which is allowed to cool 
when it has become quite uniform, and after drying it is ground in a 
closed mill. For this latter operation it is recommended that workmen 
should use good respirators, as verdigris is very poisonous. If it be 
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•80 it is from .the presence of lead incidental to this method. Work> ; 
men in <ordinary verdigris are at any rate immune. But this ex¬ 
temporaneous method may very well yield a poisonous product. 

Anti-Fmd 'uuj Paints .—Paints suitable for painting the liottom of 
■ships are made by mixing the above metal compounds in various 
proportions with lithopone or zinc white and heavy spar, and grind¬ 
ing the mixture with a good oil varnish. If the paint is desire*! to 
dry hard, salt solution is added. 

As examples, a hard drying paint is obtaintsl by taking 30 lb. 
copper Ifholeate, 25 lb. lithopone, 10 lb. barytes, 30 lb. oil varnish; or 
30 lb. copper linoleate, 15 lb. zinc white, 10 lb. lithopone, 30 lb. oil 
varnish, 5 lb. rosin solution ; or 25 lb. copper linoleate, 25 lb. verdigris, 
10 lb. white lead, 10 lb. barytes, 30 lb. oil varnish ; or 25 lb. copper 
linoleate, 35 lb. verdigris. 30 lb. oil varnish, 3 lb. salt solution. 
And for a paint that remains soft : 25 lb. copper linoleate, 15 lb, 
■copper stearate, 15 lb. lithopone, 20 lb. oil varnish ; or 30 lb. copper 
linoleate, 10 lb. copper stearate, 10 lb. lithopone, 5 lb. verdigris, 
15 lb. oil varnish; or 25 lb. copper linoleate, 15 lb. verdigris, 15 lb. 
■copper stearate, 5 lb. lithopone, 12 lb. oil varnish, and so on. By 
varying the proiwrtions a harder or softer drying paint can l)e ob¬ 
tained, and also more or less poisonous according to the amount of 


voidigris used. 

It may be mentioned that good results have been obtained with 
the given mixtures in small trials, the essentials Iwing the metal 
■compounds with fatty acids; doubtless therefore the same results 
wdl be obtained in the large scale. 

Waterprudfintj of Fabrics,—Thera is another method of water¬ 
proofing with insoluble soaps, the fabric to be treated Ixiing first 
passed through a solution of soap, then through a solution of alum, 
zinc sulphate, or copper sulphate, whereby ati insoluble soap of oue 
■of these metals is precipitated within and upon the fibres, and, not, 
being easily wetted with water, it forma a very efficient weather¬ 
proof material. Canvas for sailcloth and for tent-making is treated 
in this way, and, while the fabric is very little altered in appearance, 
the deposit of insdluble soap prevents the wotting of the fibres, and. 
therefore keeps the moisture out. The fabrics treated with a copper 
soap in the above way are also rot proof, owing to the protection 
afforded by the copper compound. In this method of operating, it 
is of very little importance what kind of soap is employed for common 
fabrics, a common yellow soap or soft soap being equally suitable; 
for fine white canvas a pure white soap is, of course,-the best to use. 

If a solution of soft soap be made and an aniline dye added, a, 
solution of manganese chloride, calcium chloride, zinc chloride, 
■or alum throws down a precipitate of an insoluble soap, which cont- 
bines more or less with the colouring matter. Basic dyes, such as' 
magenta or Bismarck brown, are best for this purpose, but several 
other dyes have been tried and found to give a similai: result. 
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Magenta yields maroon-coloured precipitates. 

Bismarck brown yields buff-coloured precipitates. 

Atiiline red yields red-coloured precipitates. 

Phloxino yields scarlet-coloured precipitates. 

Erythrosino yields scarlet-coloured precipitates. 

Extra Ponceau yields deep red-coloured precipitates. 

(ilirysoidine yields deep orange-red coloured precipitates. 

Aniline cotton orange yields deep orange-coloured precipitates. 

[jogwood extract yields violet-coloured precipitates. 

These precipitates, after drying, are all soluble in carbon bi¬ 
sulphide, benzene, and petroleum; freely so in the two first named, 
but more sparingly in the latter. 

The coloured oleates formed in the above manner are suitable 
tor use ill staining and waterproofing fabrics, and for a variety of 
other purposes where colours soluble in oils are desired, for instance, 

in colouring waxes and oils. . 

Basic dyes added to a solution of soft soap and then ju-ecipitated 
by the addition of acetic acid yield coloured pasty precipitates, in¬ 
sisting of the colour base probably combined with oleic acid The 
precipitates produced by this method are very brilliantly coloured, 
and if the acetic acid is used only in slight excess, very little of the 
colour is left in the liquid. The dyes produced in this manner are- 
insoluble in water, but freely soluble in benzene and the other 
solvents. For colouring oils and waxes they leave nothing to be 

desired. u i 

Soluble Driers.—The origin of terehene was well known to 
Mulder, as ho advises the oil to be heated with a known quantity of 
litharge and pyrolusite, and a known weight of the resultant product 
to be added to the oil, to hasten its drying. This is the formation 
or piinciple on which terebene is based, by dissolving the crude 
mixed linoleate- so obtained in turps. Later on, Binks heated oil 
with excess of litharge, and mixed the lead soap so obtained, to the 
extent of 0-2 to 0-5 per cent, with linseed oil. Owing to the forma¬ 
tion of a large proportion of oxyaoids. linoleate of lead, made by heit- 
ing linseed oil with litharge, doss not dissolve in petroleum spirit. 
Mulder explained that the oil was first converted into a lead 
linoleate, and that on adding this linoleate to the untreated hot oil, 
it dissolved therein. The lead and manganese salts of linoleic 
acid (linoleates), and of abietio acid (rosinates), have been generally 
used in oil-boiling and varnish-making. They can be dissolved m oil 
at a low temperature, or their solution in turps or other solvent is 
added to the varnish or oil to be treated. They were sold in the 
early eighties of last century, and found a very ready market. Be¬ 
sides linoleates and rosinates, oleates were also sold. Lead oleato 
was first used by Bouis, also palmitates, but these are seldom or never 
used Ch. Van Zoul treates the mixed fatty acids of linseed oil in 
/alkaline solution by Hazura’s method, with permanganate, and con- 
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verts the mixture of hydrolysed fatty acids into inanpanese salts for 
use as driers. Soluble rosinatcs and other or},'anic sall.s of cobalt and 
manganese were made and patented away back in the sixties or 
seventies of last century for use as driers. Soluble driers are divided 
into (1) fused and (2) precipitated linoleates and (!i) fused and (4) 
precipitated rosinates. (1) The fused driers are made by fusing the 
acids and bases together; (2) the precipitated driers are made by 
precipitating a solution of the sodium salt of linoleic acid, or abietic 
acid with an acjueous solution of a I’b or Mn salt. The fused driers 
are sold as more or less dark coloured lumps, or ground. Precipi¬ 
tated driers are less ponderous, and are pure white or slightly tinted 
in colour. But this light colour is duo to their heing hydrated 
compounds. Manganese browns on keeping and manganese linoleate 
is soft and ]>asty, and it blackens ns it ages. The use of soluble 
driers is very easy. Binseed oil is heated to 120” to 150' (1. (248° 
to 302" F.), and 1 to 3 per cent, of the drier dissolved therein without 
residue, or 1 part of drier is dissolved in 2 of linseed oil, and mixed 
with a certain quantity of untreated linseed oil. Solublo driers, more¬ 
over, especially when previously fused, dissolve in turps, and their 
solution in turps in the projKirtion of 1 to 2 or 2 to 3 are sold as 
liquid driers, hut precipitated driers do not dissolve until all 
combined water is expelled by heat. Precipitated driers must 
therefore be fused before solution in oil or solvents. The extensive 
use of solublo driers in the U.S..^. has given rise to the term 
“boiling oil through the hunghole," and “bunghole oil". So far 
hack as 1890 the old driers were largely supplanted by soluble driers.^ 

Svti(ble Driers, Constdiiluin .—The preparation of fused linoleates 
and rosinates, the combination of the metallic oxides with the acids, 
and the saponification of the esters arc operations of a somewhat 
complex nature, and an increase of temperature may haul to de¬ 
composition, and, in the case of manganese, oxidation ; again, it is 
sometimes difficult to say in which of its forms the manganese is 
present, so that we never know whether we are dealing with a. 
manganous or a manganic salt. These drawbacks disappear in deal¬ 
ing with precipitated driers, but here there is a possibility of basic- 
salts being formed. 

Weger fixes the nor^nal constitution of the four compounds— 
manganese rosinate, lead manganese rosinate, manganese linoleate,, 
and the lead manganese salt of the same acid —used as soluble dryers 
(the soluble salts of lead alone being but little employed) as 3'2 per 
cent, of soluble manganese in fused manganic rosinate, 6 (rarely as 
much as 7) per cent, in precipitated manganous rosinate, and 9 to 
9'5 per cent, in good fused manganese linoleate. A few instances 
have occurred when the proportion reached 11 per cent., indicating 

’ H was about that time that the syndicate working Hartley and Blenkinaop’a 
process wanted £100,000 for the Russian rights. 
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either a m6re extensive dissociation of the acids in the linseed oil or 
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He exnlains this by assuming that the residual glyxerme 
fombined with tL excess of l>b. Calculating soluble Pb and Mn 
as manganese and lead linoleates or rosmates is compboat^ and 
difficult ^First the saponification number of the linseed offi also the 
"sation number'of the fatty acids, linoleic acid, and abiet.c acid 
vary widely. Average figures must be taken 


Saponification number of linsead oil . 

Neutralisation.. fatty acids 

„ rosin 

l» ’* ” 

fialoulating from these figures we get 


Manganese Unoloate 
Manganic „ 

Manganous rosinate 
Manganic „ 

Load linoleatc . 

„ rosinate 


190 

198 

170 


Percentage of Mu or Pb. 
8-9 Mn. 

. 61 „ 

. 7’7 „ 

. 5'3 „ 

. 20-9 Pb. 

. 24 0 „ 


Weger found in fused Pb Mn rosinate, 9 90 soluble Pb (no ui- 
.oluwS, 1 fper cent, soluble Mn, 010 insoluble Mn which was 
1 1 In 4I'0 ner cent, lead rosinate, 27 per cent, manganic 
^siLte, and 30 to 35 per cent, free rosin, 

rosin cannot do much damage in the sequel, as only 23 per cent. oi 
drier is added to the oil, so that the free rosin in the boiled oil only 
amoll B’ree rosin increases the solubility. 

The following desirable specifications have been enunciated, 
rs ' /sfi/aaKln’ The drier should darken the oil verj 

littffi*irat™r*(2) The drier should cause no turbidity 
atd mucnagelreloil. (3) The oil containing the drier shou d dry 
rapidly, in 12 hours at least, but better in 8 hours or less. (4) The 

drier must be cheap. ^ » 

An ideal siccative conforming in every particular to all four 

sir i-:rpfEF‘ rri 

turns over £100 per ton, cheap driers are for the time as d^d as 
th^dodo But it must be remarked here once more that rosin free oi 
fombt d in linseed oil, if raw or boiled, is an absolutely illegal addr 

‘“’The following recipes for American Japans, 
enamel vehicles are from an Amencan source. 

; will do well to remember that the American gallon is i less ton 

British imperial gallon 
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1. ORIKlblNa JAPAN. 

30 gallons Calcutta oil. 

100 lb. X, XX, or XXX kauri gum, No. 8. 

Melt the gnin, boil the oil to 500° F., and mix. Allow the teno' 
aerature to fall to 400°. then add 10 lb. of gi-anulated tnanganest 
)xide, and when dissolved sprinkle in 10 lb. of litharge and 10 lb. ol 
•ed lead. Boil for ^ hour at 475°, then add 6 lb. powdered burnt 
imber and 6 lb. of gum shellac. Boil to 500°, then cool and reduct 
with 80 gallons of tuqientine. 

2. IIOSIN GRINDING JAPAN. 

fiOO lb. K rosin. 

U!> „ powdered air-alakod lime. 

2 0 /. iieeswax. 

70 gallons ben/.ine. 

Melt the rosin, sprinkle in the lime gradually until it is taken up 
by the rosin and the sediment settles. Add the beeswax and allow the 
mixture to simmer ^ hour over a light fire. When sufficiently cool 
add the benzine, being careful that it goes into solution without 
granulation. 

.3. OT.OSS GIL. 

500 lb. K rosin. 

7J „ lump umber. 

2^ „ bla<'k oxide of manganese. 

IJ ,. brown sugar of lead. 

10 gallons kerosinc. 

fiO ,, benzine. 

Melt the rosin. Mix the manganese and sugar of lead and boil 
1 hour in the rosin, stirring occasionally. Crush the umber in 
a bag and suspend in the kettle, “ dousing ” it up and down from 
time to time. Boil until the manganese is incorporated. Take the 
kettle off the fire and add the thinners when the temperature has fallen 
to 250° or 300° according to the degree at which experiment shows 
them to take best. The kerosene is to be added first. In this, as in 
all the other formulas, complete absence of fire is, of course, a 
requisite to the addition of the “ thinners ”. 

Drieks. 

4. PURE TURPENTINE JAPAN. 

16 gallODK well-settled and aged raw oil. 

26 lb. litharge. 

27 „ black oxide of manganese. 

46 „ kanri dust. 

' 80 gallons turpentine. 

Calcutta oil is generally preferred. Heat the oil to 850° F., then 
Sgiadu^lly sprinkle in the litharge, taking great care that it Js 
i^oroughly taken up in oxidising the oil. If the foam becomes thick 
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it must be whippea down to prevent boiling over. Te# samples on 
' glass, and When the oil becomes syrupy to the touch, add the man¬ 
ganese oxide, for which an equivalent quantity of the borate may be 
substituted if a light colour drier is required. The manganese in 
combining generates heat, and if necessary the fire can be drawn and- 
the kettle taken off when the temperature of 550' is reached. The 
manganese must be sprinkled in very gradually, as it will cause the 
oil to swell up very rapidly. When all the ingredients are in test 
samples on glass. If right they should harden promptly and crack and 
break, but not powder when the film is bent double or rolled together. 
If they fly into powder the boiling is burned. The samples must also 
be elastic. When found to be right the kauri dust is to be sprinkled 
in, and samples taken out from time to time to see that no small 
particles remain undissolved. If necessary to effect this the kettle 
may again be run over a light fire. Samples of the finished product . 
should crack as above explained. Extinguish all fire, and when the 
kettle has cooled to about 350°, reduce with the turpentine, one man 
stirring while another runs in the thinner as rapidly as it can be 
mixed. This makes a very strong drier if properly prepared. 

5. BENZINE JAPAN. 

12 gallons linseed oil. 

16 lb. litharge. 

16 „ powdered black oxide of manganese. 

10 gallons turpentine. 

76 ,, benzine. 

The entire 85 gallons of thinners may be benzine, but a small 
proportion of turpentine makes the reduction easier. The process of 
preparation is similar to those already detailed. 

6. UNION JAPAN 

■Maybe made on this formula by using for thinners about § turpentine 
and J benzene, or | of each. 

7. WHITE DAMAR VEHICLE FOR ENAMEL PAINTS. 

180 lb. Batavian damar. ’ 

16 „ white rosin (W. W. or W. G.). 

4 „ sulphate of zinc.' 

12 gallons turpentine. 

10 „ benzine. 

Melt the gum and the rosin with the zinc in a copper kettle until 
solution is complete. Add the turpentine gradually, while the kettle 
is on the fire. Boil for a short time; then draw the fire and reduce 
with the benzine. This product may he used as a varnish grinding 
with enamel colours, or as a white varnish pure and simple. It dtiea.^ 
much harder than ordinary damar varnishes. 
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CoBAM DbIEBS. 

It is claimed that fused and precipitated cobalt rosinates are 
similar in action to manganese rosinate with this very great excep¬ 
tion, that by its use a better and finer white for inside and outside 
purposes can be secured. 

For exterior driers it is claimed that, without the use of man¬ 
ganese and cobalt, there is a tendency to soften, due to atmospheric 
actions. Hence, the lead and cobalt or the lead and manganese 
compound is better; lead and cobalt in all cases where white quality 
is considered. For interior work cobalt is recommended as a drier, 
and it is urged that cobalt only be used. 

Cobalt Bosinate Drier for Producing Good Exterior or Interior 
White Paint or Enamels. —Such a paint or an enamel made with either 
lead or- manganese as a drier even if in only small quantities has a 
great tendency to produce a brownish or pink discoloration. Even so 
small a quantity as 16 oz. of manganese drier in 200 gallons of paint 
will show a pink colour inside of 48 hours. For exterior work this 
is not injurious, for strong sunlight bleaches out the colour; but for 
interior work we come to the fact that cobalt must be used to 
eliminate the discolouring effect. In making high grade enamels 
every one is familiar with the properties required. These can be 
secured by a cobalt drier made from wood oil, linseed oil, precipitated 
cobalt rgsinate, and pure turps. It should be made in a separate pot, 
and strict attention paid to the handling of it. Such a drier is added 
to the enamel after the zinc has been ground into the varnish. But 
no other drier should be present. Working thus all trouble of 
skinning in the tin or in the mill is avoided, and no separation 
occurs with this oil drier. 

If cobalt driers are very strong, they can be readily adjusted and 
kept for any length of time without separation. For cheaper whites, 
fused cobalt rosinate made on the same formula can be used; but 
there is the risk of paint livering or thickening, due to the free rosin 
acid present. A dri#r made thus can be thinned with a turpentine 
substitute. Litharge can also be incorporated in the fused rosinate, 
if a high grade colour ief not particularly desired. The linoleate of 
cobalt can be used and will give quick-drying qualities like all cobalt 
compounds, but it does not give so nice a white and shows a tendency 
to skin. The white and light tinting enamels do not develop a pink 
Colour when cobalt drier is used. But this drier must be prepared 
in a separate pot from the varnish. This kind of drier has the ad- 
yantage over other driers, in that it gives an elastic, non-separating 
film when mixed with linseed oil, and is not injurious when used to 
•excess. Cobalt drier will dry of itself on glass to the touch in 30 
^jpainutes, and become hard in 2^ hours. The quantity of drier to use 
^^ies* with the varnish, but in general X part drier to 10 parts of 



varnish is used in straight long oil varnishes. With gum varnish | 
part to 20 or 30, and so used, will not increase the cost much. ThS 
increase is about 1 cent a gallon over that of a manganese turpentine 
drier. With the long oil varnish, turpentine drier should be used; 
but in enamels where damar varnish is present, one can use benzine 
or a cheaper turpentine substitute. Cobalt drier finds some use in 
interior paints, the pigment being ground without any other drier. 
The same formula thinned with a mineral spirit is an excellent drier 
for cheap whites. 

In testing driers the ordinary organoleptic tests, lustre, smell, 
and hardness, etc., tell whether the drier is a rosinate or a linoleate. 
Mixtures of powdered driers may generally be separated by aid of 
the microscope, where the transparent rosin particles are at once 
seen. Moreover, fused driers are water-free, but, precipitated driers 
contain a certain amount of water, as much as 6 per cent., which in 
the technical process of drying is not removed. Solubility in solvents 
is increased by expelling the Oombined water by fusing the rosinate. 
In qualitative testing for metals the drier is ignited, and the ash dis¬ 
solved in HCl, and the filtered solution examined by the classical 
methods of qualitative analysis. To test for lime in possible presence 
of lead is utter folly, and vke versa. In addition to lead and manga¬ 
nese, calcium, barium, zinc, and copper may be present. Barium and 
calcium rosinates increase the hardness of the coating. Zinc rosinate 
is also used—it is claimed that it prevents the darkening of the 
boiled oil during heating. But a more intractable substance than 
precipitated zinc rosinate cannot well be handled. Copper rosinate 
is not used as a drier for boiled oil. Its use is in the hydrated state 
in anti-fouling compositions. A certain percentage of calcium rosin¬ 
ate, hardened rosin, its users claim, does no harm; hence linoleate 
of manganese is adulterated therewith, which is revealed by a 
qualitative examination of the acids. A certain portion of the drier 
is boiled with HCl, and when cold shaken with petroleum ether. 
The residue on evaporation is tested for rosin by the Storch- 
Morawski test. Finally, the physical and chemical “constants” 
are determined, and the abietic acid estimated quantitatively by 
Twitohell’s method. Oleic and palmitic acid are only seldom used 
in the preparation of soluble driers. Still the presence or absence 
of such metallic compounds should be examined for. 

In estimating the metals soil or dirt should be absent. Sand 
often occurs as an impurity. 

[German writers tell ns, quoting Coste and Andrews, “ Analyst," 
1910, 85, 64, as authorities, that “ soluble driers are often mixed with(! 
chalk and barytes ”. But there is a little misapprehension here.;: 
The driers referred to by Coste and Andrews were the oid-fashione^' 
“patent" driers marketed in the same manner as stiff white leal’ 
(that patent must be a very hoary-headed one, and as fat as the.actpji^ 
manufacture is concerned does not exist). These driers were mi ^ 
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*® * 8^“ paint containing an excess of driers made in a rule-of- 

A-feumb why by heating linseed oil, rosin, litharge, lead acetate, etc., 

;' together; sometimes a saturated solution of manganese sulphate ivas 
; added. The chalk and the barytes formed 90 per cent, of the mixture. 
/' Patent ” driers might therefore be defined as a paint with an 
excess of driers which, added in small proportion to a paint with no 
* driers, caused it to dry rapidly.] 

The main quality desired in a soluble drier is that it shall be com¬ 
pletely and entirely soluble, the metal being in a state of actual com¬ 
bination, and not merely mechanically suspended in the form of an 
oxide, since the latter cannot exert any action at the low temperature 
employed, and will therefore merely constitute an inert, sedimental 
matter. The sole point, therefore, to be considered in estimating the 
value is the amount of drying metals present in combination with 
rosin or fatty acids, and soluble in linseed oil at 120° C. 

Analysis and Valuation of Soluble Driers. —Soluble driers only 
containing lead are rarely marketed, nor is linoleate of manganese 
generally sold. The usual type of soluble driers on the market are ;— 


TABLE SHOWING THE USUAL TYPE OP SOLUBLE DRIERS ON THE 
MARKET WITH THEIR PERCENTAGE Pb AND Mii CONTENT. 


• 

Theoretical Metal 
Content per Cent. 

Aetuftl Range of 
.Soluble Metal O^nteut 
jier Cent. 

Manganous rosinate precipitated . 

7-7 Mn 

G-7 Mn 

i, «, fused . 

Lead manganese rosinate 

6-3 „ 

2'S to 4-S Mn 

8’9 Pb i 1-6 to 2 Mn 

Manganese linoleate 

8-9 

U to 9*6 

Lead manganese liholeate . 

— 

Varies greatly 


Meister quotes: (1) Fused Mn rosinate, on an average 2'5 to 3'0 
j ,Mn, = 45 to 56 Mn abietate. (2) Fused Pb Mn rosinate, at most 1'5 
;■ Mn, and 9 to 10 per cent. Pb, about 27 per cent. Mn abietate, and 
40 per cent. Pb abietete. (3) Precipitated Mn rosinate, 6'7 to 6'5 per 
.cent. Mn, about 80 per cent. Mn abietate. (4) Precipitated Pb rosin- 
20 to 23 Pb, about SO per cent. Pb abietate. Bom^ rosin driers 
itTiarely contain 10 per cent, of rosinate. 

Practical Testing of Soluble Driers. —Analytical testing must be 
subordinate to practical testing of soluble driers, vide infra. The oil 
; is heated with a certain amount of soluble drier to 120° to 160° C., 
tand the resultant boiled oil tested for colour, clearness, rapidity of 
Jurying; or the drier is dissolved in a little warm turps, and 6 to 10 
y^r cent, of the fluid drier so obtained added to cold linseed oil. The 
‘^[uid driers used by painters and varnish-makers are in solution, 
^urps, ‘rosin-spirit, benzine, benzol, are tested for in the volatile 
^^(tion and the dried siccative. Generally liquid driers consist of 
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solution of lead manganese linoleates 4:5, but manganese lead linoleat^ 
and rosinate are also used. The latter when added to hoiled oil must 
contain no free rosin or it will thicken white lead paint. This is ’ 
tested thus: 18 grammes pure white lead are rubbed up with 5 
grammes of liquid drier, 2 grammes turps, and a drop of water. 
There should be no gelatinous thickening on standing tor several 
hours. 

Ckevreul and Liebig versus Mulder. —Mulder studied how driers 
act very carefully, the result being some classical recipes for fire- 
boiled oil. But some plead that Chevreul did not understand the 
problem, as he used white lead and zinc oxide for driers, and later 
maintained that linseed oil dried more rapidly by mere heating to 79“ 
C. Liebig believed that, at the outset, the drying of linseed oil was 
hindered by mucilage. He asserted later that linseed oil, treated with 
basic acetate of lead at the ordinary temperature, absorbs 4 to 5 per 
cent, of lead and dries in 24 hours. The best boiled oil was obtained 
by heating linseed oil to 100° C. with lead oxide, and steam passed 
through for an hour. By boiling linseed oil with lead oxide and water 
a similar good boiled oil is not obtained. All these assertions Mulder 
contradicted in a very bitter quarrel with Liebig. 

Mulder's Theory of Oil-boiling and of Driers. —Mulder found that 
boiled linseed oil (with 2-6 per cent. PbO) took a shorter time to dry, 
but had a lower oxygen absorption than the unchanged oil. When 
the figures, as here, refer to very thick films, no sound information is 
obtained; but it is correct that linseed oil in the presence of ,.a drier 
absorbs no more oxygen than without one; also that the drier, during 
the drying of the oil undergoes no change, it only hastens it. That 
red lead, as a drier, is superior to litharge he explained thus: Bed 
lead is a mixture of oxide and peroxide, 2PbO, PbOj, and therefore 
contains available oxygen, which it gives up to the oil with formation 
of linoxic acid or lead linoxate, then the oil absorbs no more oxygen 
from the air. Litharge, on the other hand, cannot part with any 
oxygen, and the oil must get it from the air unless the oil be boiled 
with litharge, whilst a current of air is passed through it. Mulder 
does not speak of oxygen absorption in oonnectisn with litharge, but 
he does so in regard to manganous borate. He found that when a 
boiax solution was precipitated by manganous sulphate, and the pre¬ 
cipitate washed with water, the surface is coloured brown owing to 
the absorption of oxygen. It follows therefore that manganese borate 
as a drier acts similarly, taking oxygen from the air and giving it up 
to the oil. The term catalyst was upknown to Mulder, as it was not 
used until later. He was, of course, acquainted with catalysis in the 
sense used by Berzelium and with Mitscherlich’s contact working. 
Later on Ostwald classified sharply and positively as catalysts only 
those substances which during a chemical reaction hasten it by theiif 
presence. Their working has been likened to that of a lubricating 
oil during the motion of a steam engine. Weger also investigatw 
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.the drying action of man^nous borate, fend discriminated between 
it and all'other insoluble driers, by its being capable of being used at 
the ordinary temperature when it is intimately mixed with linseed 
oil. By rubbing up linseed oil for an hour in a mortar with 5 per 
cent, of manganese borate, the time of drying was 6 to 34 hours; 
the filtered oil contained 0-05 to O'lO per cent. Mn. To classify 
manganese borate in face of this Mn content as an insoluble 
drier is a gross misuse of terms. Whether the salt dissolves in 
completely acid-free linseed oil, Weger leaves undecided. In any 
case, manganous sulphate, which is but slightly decomposed on heat¬ 
ing when rubbed with linseed oil, only acts slightly and similarly 
when precipitated as Mn(OH)o. That driers, as such, are all catalysts 
Weger deduced from the fact that the drying capivcity of linseed oil is 
not proportional to the amount of drier used, but with a certain weight 
of drier a maximum result is obtained. Again Weger contradicts a 
statement of Chevreul that a mixture of raw oil aird manganese- 
boiled oil absorbed more oxygen than its components, asserting 
that the final result would be that an oil would absorb so much more 
oxygen the less manganese it contained, and his oxygen absorption 
experiments did not confirm this. It is strange if the oxides and salts 
of lead and manganese act very similarly as driers, how dissimilar both 
these metals are. 

Van Zoul experimented with manganese peroxide. He found 
that it could not work catalytically as it is reduced on heating with 
linseed^oil. He thinks that during the splitting up of linseed oil the 
oxygen of the linoleio acid becomes oxidised as in the Hazura oxida¬ 
tion, and that the resulting hydrolysed acid, in the form of a manganese 
salt, acts as an oxygen carrier. He therefore regards all the acids 
produced during the oxidation of linoleio acid in alkaline solution 
as good driers. He does not say why manganous oxide is a good 
drier. 


Ew/ler and Weisberg's Autocatalysis. — Bngler and Weisberg 
describe the catalytic phenomena which occur during autoxidation 
decomposition as autocatalysis, and the oxygen carrier as an auto¬ 
catalyst. They thu* distinguish between atomic or hemi-molecular and 
molecular autocatalysis. At the first comes the catalyst, in our case 
the drier, which takes oxygen from the air in molecular form, an ac¬ 
ceptor, and later on gives it up in this case to linseed oil. Molecular 
autoxycatalysis is identical with indirect autoxidation, where the 
molecular oxygen reacting body (indirect autoxidiser) first, through 
this reaction, forms a third body. The drier, in that case, acts as a 
pseudo-catalyst. Thus there are bodies which, through the agency of 
other bodies by the consumption of negative ions or by the disengage¬ 
ment of positive ions, start the right atom-forming reaction which, on ’ i 
Its part, carries on the autoxidation. Such atoms are mostly hydrogen 
atoms which as indirect autoxidisers absorb molecular oxygen and • 
produce hydrogen peroxide. As tm example take the catalytio ' 
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woikiog of manganous hydrate in the Weldon regenerating process, 
which Bngler and Weisberg formulate thus:— 


HO, . OHH -o; 

>Mn<f + : + h 

HO^ \ OHH -0^ 


HO, /OH 

>Mn( + H„0, 
HO^ I \0H ■ 

^ /OH 

0 - Mn( + H,0 
\0H 


Catalytic action oi Weldon process (Engler and Weisberg). 

Here water intervenes, whilst in drying it does not, except in a 
secondary way as a bye-product. 

According to Hazura from linseed oil two different hydroxysteario 
acids are obtained, the first from linolenic acid, the other an unsatur¬ 
ated fatty acid with three double links, isolinolenic acid, C„Hj„ 02 , an 
isomer of linolenic acid. With bromine it yields, according to Hazura, 
an oily hexabromide derivative soluble in ether. Were it not for iso- 
linusic acid the occurrence of isolinolenic acid in linseed oil would 
have been still unknown; likewise that the unsaturated fatty acid can 
yield two different oxyaoids. 

It will be seen therefore that the result of Hazura’s researches was 
to put the chemistry of linseed oil on a new basis. Whilst all 
previous authors, with the exception of Mulder, regarded the fluid 
linoleic acid as a single substance, Hazura found it to be a mixture 
of four acids, viz.:— 

1. Oleic acid, CjgHg^Oj, with 1 double link. 

2. Linoleic acid, C,jH3.20.j,'with 2 double links. 

3. Linolenic acid, CigHj^Oj, with 3 double links. 

4. Isolinolenic acid, OjgHjgOg, with 4 double links. 

Beformatsky and the Unity of Limieic Acid.—None the less the 

unity of linoleic acid was still maintained. From SaytifTs laboratory 
there appeared a research on linoleic acid by A. Beformatsky. He 
prepared it by Schuler’s method, converted it into the ethyl ester, 
and fractionally distilled the latter under a pressure of 180 mm. 
The fraction 270° to 275° C. was collected appirt and saponified. 
For the free acid the composition of linoleic acid was found to be 
CijHgjOj; it gave an oily tetrabromide. Cn oxidation in alkaline 
solution with permanganate it yielded as chief product a tetraoxy- 
stearic acid of melting-point 159° to 161°. When HjO, is formed 
as an intermediate product, it can only yield atomic oxygen to 
the oil. Both lead and manganese driers produce peroxides. 
Whether drying is a hemi-molecular or a molecular autocatalysis 
is undecided. From the high oxygen absorption of boiled oil, at 
any rate, atomic oxygen is not exclusively absorbed. Ostwald 
confirmed Genthe’s conclusion that in drjring with or without,' 
driers autooatalysis occurs. The catalyst supervenes yheh; 
linseed oil is heated in air, when it is converted into a quick-dry^l 





ing boiled oil. Drying is hastened by light. When ground up witk^ 
white pigments oil dries mote quickly than with black ones. Liking 
'to the S form of the curve, the results competed with Ostwald'y 
dss 

formula for autocatalysts = K(*» + x) (a - x). A series of re- 

eearohes were made on exclusive autocatalysts. To linseed oil 
1 per cent, of formic, acetic, propionic, valeric, croton ic, cinnamic 
and oleic acids were respectively added; energetic oxygen absorption 
■occurred during 8 to 10 days, and the curve was still S shaped. 
Similar results were given by glycerine, benzaldehyde, mesityl oxide 
and acrolein. Whether the catalyst is affected by the volatile reaction 
products was to a large extent solved thus: a uviol glass tube was 
filled with pieces of sulphur, soaked in linseed oil in an air-exhausted 
space. Parallel with this tube, about 3 centimetres away, was a 
uviol lamp. Over the pieces of sulphur a rapid cun-ent of dry 
■oxygeh was passed, and the evolved gases cooled in a Dewar's 
apparatus to 20° C. In about 48 hours about 1 gramme of a 
strongly acid fluid had condensed. But oil treated with 1 per ' 
■cent, of this fluid did not dry any quicker, as occurred when 60 
grammes of linseed was exposed in a large clock glass to uviol 
light for 40 hours. An oil exposed for 1-J years in a loosely-corked 
flask, also an oil blown for 2 hours at 130° C., both dried faster, 
so that when boiled linseed oil is oxidised the autocatalyst is a per- 
■oxide. Thus 1 per cent, of benzoyl peroxide greatly hastened drying 
whilst ithyl peroxide hastened it but little, and hydrogen peroxide not 
at all. Five per cent, of fresh turps in no way increased the rapidity ' 
of drying, but, on the other hand, 5 per cent, of old turps did so very 
greatly. As .the particles first impinge on linseed oil, and oxygen has 
already been absorbed so as to darken the oil, the curve approaches a 
straight line. The principle does not allow an unlimited concentration 
of catalysts. For the acceptance of the oxygen a peroxide is necessary. 
Circumstances all point to the practical limits of the reaction sought,. 
being independent of the oxygen concentration. Thus in the dark the 
same result is obtained in air and oxygen, showing the enormous effect 
of light. • 

Examination of Driers .—Genthe tested lead and manganese ' 
oleate, then fused anS precipitated manganese rosinate, fused, 
lead linoleate, fused manganese linoleate, fused lead manganese 
rosinate, fused and precipitated lead manganese linoleate, fused 
copper rosinate. They were dissolved in the proportion of 1 per 
cent, in warm linseed oil. Sometimes they separated out as a 
jelly-like precipitate, which on shaking separated into finer par-^ 
tides which seemed to have fallen out of the oil, possibly mnci-< 
lage. The drying process lasted from 14 to 60 days in the dark, in j 
^day-light 8 to 10 days. The acceleration of drying is therefore not so. r 
as is generally believed; however, the 8 form of the curve 
throughout. The autocatalysts remain whatever tbe^i' 
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driers may be; they are not to be confused with the pseudo-catalysts. 
In violet light the driers were completely without action. On the 
basis of the last discovery, Genthe issued a statement from which it 
appears established that during drying peculiar peroxides are formed, 
either when the oil solidifies under the action of the oxygen of the 
air, or when the oil at the anode pole becomes proportionately 
oxidised, as the peroxide building proceeds, e.g. in weak alkaline 
glauber salt solution with lead electrodes. The formation of Jreroxide 
compounds is the essential point of the drying properties of ac¬ 
celerating catalysts; hence all other driers are only pseudo-catalysts, 
the function of which is the formation of the former accelerators. 
The linseed oil products are valuable as the quickly formed coating 
is uniform throughout thewnole thickness of the film, right through 
without skinning and cracking, forming a lustrous enamel-like coat. 
The dried layer is not tacky but hard and resinified. 

S. A. Fokin states that catalysts reduce the time of drying from 
4 or 6 days to 2 to 3 hours. He tested the behaviour of 15 metals 
in this respect with the following results:— 

1. Co, Mn, Cr, Ni, (Fe, Pt, Pd). 

2. Pb, Ca, Ba. 

3. Bi, Hg, Ur, Cu, Zn. 

This assortment, in which lead comes after iron is in flat contradic¬ 
tion with the results obtained in actual practice. Fokin explains 
• the action of driers in this way; that the metals in their higher oxida¬ 
tion compounds take up atomic oxygen and give it up to the oil 
according to the formula;— 

MO.J RCH: CHEj = MO + BCH . CHE., 


When direct autoxidation with absorption of molecular oxygen 
is practicable, only a small amount of drier, or a weak drier, is added. 
The rapidity of reaction is proportional to cube root of concentration 
of catalysts. Oxygen absorption at from j) to 20 atmospheres is pro¬ 
portional to pressure. Increase of temperature .hastens rapidity of 
reaction, according to Spring’s rule. Polymerisation proceeds along 
with oxidation. In later experiments Fokin contradicts Genthe. 
He first made an experiment in which cobaltiferous linseed oil 
(0'36 per cent. Co) was put into a Hempel burette and treated with 
gaseous oxygen. The results obtained for absorption of 1 atom of 
oxygen per double bond cannot be regarded as free from objection. 
At one time the oxygen was used in slight excess; again, the layer of 
oil was not presented to the oxygen in a thin enough layer, and no 
notice was -taken that the iodine number wae never 0. Moreover, 
in the above research the statement that 1 per cent, of the linseed oil 
forms volatile substances can hardly be regarded as correct, ^pkin^i 
later on tested a large series of boiled linseed oils on glass slabs, oik^' 
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which the film rose to 5 mg. per sq, cm. He asserts that the same 

absorption figures were obtained, whether he used 0-5 or 5 mg. 
But the test in question only lasted 2 ho'urs and with the intervention 
of a weight of fungi of xJgth part of a milligramme and in two oases of 
P®'’’*' ® milligramme. The unreliable nature of the experi¬ 

ments will be seen in a moment from the excessive thickness of the 
layer, and we agree with Weger that the thickness should not exceed 
1 mg. per sq. cm. Fokin obtained for cobalt-boiled oil of varying 
Co content in 2 to 10 hours oxygen absorption of 9’1 to 15'4, whilst 
the oxygen absorption figure for manganese-boiled oil in 41 hours 
was 18'1. The results obtained did not establish Ostwald’s auto- 
catalytic equation but rather one of Fokin’s defunct formula). That 
the reaction is not proportional to the catalytic concentration is 
explained by diffusion. Some of Genthe’s results show that the 


relation 


dr 

di 


= K {a - x) corresponds best 


for monomolecular reactions. 


It must be pointed out that Qenthe was incorrect when he used the 
term indirect autoxidation and that the formation of autocatalysts is 
dubious. Drying is rather a hemi-molecular autocatalysis, the drier 
absorbing by means of its valency surrounding oxygen and then giving 
it up in atomic form to the oil. Fokin’s results are faulty also in his 
tests on glass slabs, considerable quantities of volatile substances 
escaping. 



CHAPTER XIV. 

BOILED OIL. 

Linolein .—As all oils consist of carbon, hydrogen, and oxygen in 
.Imost identical proportion, what principle is absent from non-drying 
lils is present in certain oils, which causes them to dry. Linolein, 
.ccording to Mulder, is "the chief constituent of such typical drying 
«ls as linseed, poppy-seed, and walnut oils. Linolein consists, there- 
ore, of linoleio acid and glycerine, the compound formed by the union 
)f three molecules of the monobasic acid, linoleic acid uniting with one 
nojecule of the triacid base, glycerine, to form the neutral salt linolein. 
Tazura and Fredreioh, who found in poppy-seed and walnut oils 
atty acids similar to if not identical with linoleic acid, partially con- 
irmed Mulder’s conclusions. Hazura regards Mulder's linoleio acid 
lot as a simple substance but as built up of two distinct acids, linoleio 
loid, C 13 H 32 OJ, with two double links, and linolenio acid, CjjHjjOj, with 
ihree double links. The triglyceride trilinolin is represented„by the 
impirioal formula, C 3 H 5 (C,gH 3202 )g, and the triglyceride triliuolenin, 
: 1 jHj(Ci 8 H 330 j) 3 . Livache flatly denies that the drying properties of 
linseed oil are entirely due to the presence of any one or all of these 
loids. All other oils, he contends, whether vegetable or animal, can 
be transformed into a solid product, analogous to that to which 
linseed oil is so easily converted, and that, whether taken individually, 
or as the component parts of a mixture, provided always they be 
subjected to the action of heat. Livache is not specific enough as 
to what he means by the action of heat, and his claims do not amount 
to much, as it has long been known that certain «ion-drying oils can 
be stored so as to yield a protective film. Moreover, a rosin varnish 
made by dissolving rosin in naphtha and thefi applying the varnish so 
obtained, whilst the bath or water oven is boiling over its outer copper 
surface, will protect the latter from the fumes of the laboratory 
iremeurkably well, but that does not endow rosin with the properties 
of a drying oil. Again, Angus Smith simply recommended coating 
water pipes with tar and baking before laying thefia, but that did not 
make tar a drying oil. Livache’s idea must fall flat as his citing 
can in no way have the insolubility, impermeability, nor durability of 
linseed oil. i 

None the less Livache declares that the best explanation thaf 
he given ot the drying properties is the following: All the diffetw^; 
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gly&rid*8 which enter into the oomiioaition of a drying oil play a 
part in the transformation of the oil into a solid body, but the greater 
the proportion of one or several glycerides analogous to linolein, the 
more rapidly is this transformation effected and at a lower tempera¬ 
ture. All the glycerides present in oils and fats undergo this change 
more or less slowly, as if by a kind of metamorphosis. '‘This doctrine 
cannot be upheld for very obvious reasons, upon which it would be 
futile to enlarge. 

Looking at the matter from his own standpoint, Livache tried to 
explain the differences—in drying properties—of different drying.oils. 
Should in fact the glycerides, analogous to linolein, be present but. 
in small quantity, the other glycerides only dry slowly, and very often 
heat would be required to accomplish the end in view. Whatever 
explanation we adopt, we must bear in mind that the drying oils are 
those which may be quickly converted into a solid elastic substance 
at the ordinary temperature. This transformation only takes place 
in the presence of oxygen, and with a rapidity which varies according 
to the heat and light to which the film of oil is exposed, and the 
previous treatment to which it has been subjected. 

Linoxin .—Mulder called the resulting solid product linoxin. He 
found that it did^not differ from linoleic acid except by containing a. 
larger proportion of oxygen, whilst at the same time all the glycerine 
had disappeared. While making reservations necessitated by the 
still imperfect state of knowledge regarding the composition of the 
different solid bodies obtained by the oxidation of different oils, the 
name of linoxin is here retained for this body, which, no matter from 
what oil it may be derived, presents the same properties of elasticity, 
insolubility in the usual solvents, etc. Linoxin consists of a perfectly 
dry elastic mass, of a more or less deep yellow or brown colour ac¬ 
cording to thq treatment to which the oil from which it has been derived 
has been subjected. For a long time it was believed to be perfectly 
insoluble in the different menstrua in which oils dissolve. When 
exposed to their action it at first undergoes no change, but if the 
action be prolonged it increases in transparency, swells like india- 
rubber, and at the same time a small proportion dissolves. The re¬ 
sulting swollen substance dried apart from the solvent is still elastic, 
out very friable betweerf the fingers, crumbling to particles, with no , 
iendency to reunite. By evaporating the solvent there is left a tacky 
residue of low melting-point. The oxidation product of a drying oil, 
iberefore, presents many analogies to caoutchouc, being composed like 
i of two constituents, one of which dissolves in different menstrua^ 
whilst the other swells and disintegrates. The dissolved product re-. 
xivered on evaporation of the liquid solvents acts as a real cement,, 
reuniting the insoluble portions, first swollen and then disintegrated, 
fielding as a result a continuous elastic mass, consisting on the one:^^ 
of the soluble, and on the other hand of the insolnble, portitm.^ 
li the original linoxin.,^ ;fiut veigr.itossdbly this liquid portion founds 
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by Livaohe -was simply incompletely oxidised oil, or the residuum ol 
the saturated fatty acids naturally present in linseed Oil, which the 
writer contends do not dry in themselves, but retard the drying oi 
the oil until the intensity of the reaction is such that the solidified 
glycerides give to the whole mass the appearance of one homogeneous 
solidified coating, the actual non-homogeneity of which nothing 
discloses until the solvent starts to act on it. Thus before an oil can 
dry, continues Livaohe, the linolein must be in a position to become 
oxidised, and the more this is facilitated the quicker does the oil dry. 

Oxygen may be caused to act either upon the linolein, i.e. upon 
linoleio acid combined with glycerine, or upon the linoleic acid 
separated from glycerine, or finally upon suitable chemical com¬ 
binations of linoleic acid with metallic oxides, i.e. upon linoleates. 

Action of Oxygen upon Linolein .—Linseed oil exposed to the air 
in a thin layer soon changes to a solid substance. If we perform 
the same experiment in a vessel containing air placed mouth down¬ 
wards over mercury, the same change takes place, but the volume of 
air confined over the mercury diminishes in volume owing to the 
absorption of oxygen. Finally, if the quantity of air suffices, the oil 
is converted into a solid product which has increased in weight pro¬ 
portionally with the oxygen which existed in the air and which has 
disappeared, whilst the residual gas is composed of nitrogen, together 
with a small quantity of carbonic acid, and volatile acids of the 
methane series. The transformation of the oil and consequently of 
the linolein is thus due to the action of oxygen. Mulder obtained 
this solid body by exposing the oil on plates to the action of the air, 
and after detaching, he treated the product with ether, alcohol, and 
water so as to wash away any unoxidised oil or other soluble matter; 
and he finally obtained a more or less elastic white substance which 
analysis showed to be a product of the oxidation of the anhydride of 
linoleio acid, viz, linoxin. From linoleic acid exposed in a thin layer 
to the air he obtained the same solid linoxin, but the change into a 
perfectly dry substance took longer than in the case of linolein. But 
the products are identical in composition and properties, and as no 
glycerine is found in the pix)duct of the oxidatiomof linolein by the 
air, it would appear that the oxygen of the air first acts upon the 
glycerine, yielding such bodies as carbonic acid, water, etc,, which 
disappear, and subsequently upon the linoleio acid of the linolein, 
converting it into a solid body, linoxin. The product is identical 
whether we use air or oxygen. 

Action of Oxygen upon Linoleates .—Linolein is very easily sap¬ 
onified, yielding soaps; potash, soda, and ammonia yield soaps which 
readily dissolve in water. Baryta, lime, the oxides of zinc, copper 
and lead, yield soaps insoluble in water but soluble in ether. The 
■ most suitable combination to study is that of linoleic acid with oxide 
of lead; if we dissolve this linoleate of lead in ether, and if we 



expose the liquid in a thin layer upon a plate of glass, the whith 
eohd residue remaining on evaporation of the ether, which is at first 
soft, becomes m a few days very hard, owing to the absorption of 
oxygen. ^ 

Limxic Acid.—Il we suspend this hard.’brittle salt of lead in 
* coho , and pass a current of sulphuretted hydrogen through the 
a oohol, we obtain, after filtering off the sulphide of lead an 
alcoholic solution from which water precipitates a white substance 
which analysis shows to be that oxidation product of linoleio acid 
to which the name of linoxic acid has been given. If instead of 
separating this alcohol in the cold by the simple addition of water 
we evaporate the alcoholic solution by the aid of heat, we also obtain 
a viscous residue, but of a blood-red tint. Linoxic acid is therefore 
met with in two colours—white or red-according as it has been 
prepared in the cold or the hot state, i.e. whether hydrated or 
anhydrous. But whilst viscous linoxic acid exposed to the air changes 
to dry elastic linoxin, on the contrary, when combined with lead— 
although It also suffers this alteration—it becomes more and more 
iriable. 

Bisume. —(I) LinoUic acid combined with glycerine, in the 
«tate of linolein, yields progressively in a more or less short period 
of time hnoxtn, a solid elastic body, a basis for colours and 
varnishes. (2) Free linoleio acid yields fairly quickly a viscous 
■compound (linoxic acid) which afterwards changes to linoxin but 
oocupy^g a longer period of time than in the preceding case. ’ (3) 
Linoleio acid combined with oxide of lead. i.e. liholeate of lead 
dries fairly rapidly in consequence of the formation of linoxate 
of lead, but this product changes afterwards into a friable, brittle sub¬ 
stance. It follows that, to ensure a dry, elastic product, we ought 
preferably to cause the oxygen to act upon the linolein and to avoid, 
as far as possible, either the presence of linoleic acid, which would 
take a longer time to dry, remaining viscous for rather a long time 
in consequence of the formation of linoxic acid, besides the pos¬ 
sibility of formation of linoleate of lead, which would give a brittle, 
friable product. Dying to the difficulty of separating linolein from 
the other principles entering into the composition of oils in actual 
practice, we have to oxidise the oil itself. The drying properties 
■of a drying oil are increased under certain conditions, which it is 
mportant to study in detail. We shall study, therefore, how the 
■drying properties of linseed oil—the best drying oil—may be in- 
■oreased, for whatever we may determine regarding it holds good, 
keeping to the same proportions with other drying oils. 

BotM Linseed Otf.—Linseed oil is boiled in several different 
•^*'’*‘**“*®‘^ Boiled Oil .—By boiling linseed oil at 260’ to 
466 F., m cast-iron pots fixed in masonry, or in portable pots ovet. 
j»n oppn fire. 2. By boiling the oil at 270° to 300° F., not by direct 



iBre tut indirectly, that is to say, by asteanj heat in steam-jacketed 
pans some of, which are open and others closed, by a dome fitted with 
a still heated connecting pipe, leading to a condenser. The oil is 
then agitated so as to break it up or effect division into fine drops 
by agitators with blades like the propeller of a ship, so as to facili¬ 
tate the action of the air on the oil. 3. By boiling the oil in closed 
vessels fitted with air pipes, and then blowing hot air through the 
liquid. 4. Boiling by steam superheated to 750° F. 

Danger of Fire and F/xp/osion.—Oil-boiling by heat from an open 
hre 18 particularly dangerous, but whichever of these processes be 
^opted, oil-boiling is always a more or less dangerous operation. 
I rooew 1 IS the most dangerous of the four, as fires with open grates 
are difficult to regulate, and this difficulty of regulation extends to the 
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fire. 

woduct being heated. The first risk to draw^ttention to is one 
lommon to all the four processes: linseed oil, long before the actual 
wiling.point, not the apparent boiling-point is reached, liberates, be- 
ween 300° and 600° F., not only vapours which ignite spontaneously, 
lut also explosive vapours. Moreover, it is apt to froth and boil over, 
specially when it is impure, abounding in mucilage. The tempeta- 
ure increases very irregularly over an open fire, and the oil in the 
lot frequently bumps, especially as the heat intensifies, whendanger- 
us priming may suddenly occur. Finally, the oil, or -the added 
laterial driers, readily bum on to the sides of the pot, bake to it 
ard cake, causing the pan to grow red-hot, which readily gives rise tot 
n explosion. Linseed oil becomes linoxin, dned linseed oil, when l| 



aas teten up and absorbed a certain amount of oxygen that beowb'' 
« umtedtherewath. Ofthisgas it isable to absorb aLflxTmeX* 
Ween 20 and 30 per cent, of its own weight (vide mpra). This 
abwrption occurs not only during boiling, but afterwards and o a still 

»fK * “'*■ ‘*’e "‘W oil, or by the oil 

SlSS have been made to accelerate 

the drying of the raw oil, or even the oil boiled without driers bv 
adding to the oil substances rich in oxygen, such as pyrolusite man 

20^hours wwf M T’ completed under 

-iU hours where it formerly took several days 

a to he heated to 

‘he oil. The pert question 

he ran dkv rJ f of linseed oil also aids in 

,he rapidity of drying, and thus assists the various oils in drying, and 

trier, but aids very materially in its solution in the oil. So lone as 

co”a«nt o ** o*id«ed, and -such an oil is used for the 

coding of ^rous hbrous goods like textiles, feathers, papers, artificial 

Oiirnom^f M 1’ oxidation continues until S 

of hlf ^ ® ^ '^hich time a very considerable amount 

of heat IS generated. As long as this heat is not concentmted into 

rist of dissipated into the air as fast as formed, the 

‘he other hand, the 

articles coated with this oil be kept stored during drying, or are so 
^cked that the heat is prevented from escaping, the heat so re- 
tained and concentrated will eventually produce charring, and end 
m the spontaneous (ignition) combustion of the articles so coated, 

w^]*dn«r“”K‘^ ”‘8®- ‘ho goods with 

wool dust, a bad practice, intensifies the risk. 

Linseed oil can be caused to dry more rapidly by different pro- 

messes, some involving the presence, others the absence of water. 

Traction of heat e^ well as that of certain oxides or metallic salts, 

rSn “““Kaoose, lead, and zinc, greatly lessens the 

juration of the operatiofl. By simply exposing linseed oil in thin 
layers (2 to 3 cm. in thickness) to the action of the sun for several 
Mbs m leaden vessels with a flat bottom, a thick and almost 
.^lourless oil is obtained. This is washed with boiling water to 
?]^iminate the acid phnciples, and after decanting and fresh exposure 

*P i®®den vessels, a pale white, limpidand. 
;more rapidly drying oil is finally obtained. 

Af ^he presence of porous bodies seems to facilitate the production 
Of rapid drying oils. Thus by treating linseed, walnut, or wpy-seed 
tal wijih snow so as to form a solid mass, and by putting this into 
|irthMware or porcelain ppts with wide ^nouths, and placing these in 
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a cool place sheltered from the sun’s rays, two layers are obtained on 
thawing, one of which is aqueous and the other oily. The oily layer 
is turbid, but easily clarifies on standing. It possesses more rapid 
drying properties corresponding with the length of contact with the 
snow. It must not be forgotten that snow brings down nitrous and ' 
nitric acids from the air, and that these reagents rapidly oxidise lin¬ 
seed oil. 

Simple heating with ebullition of 3 hours and tiring of the oil for 
2 minutes produces more viscous drying oils in a quick way. The 
operation presents several dangers, in that the oil easily takes tire 
and that, moreover, the disengaged vapours are noxious. These 
should he burnt as completely as possible. The temperature during 
the boiling should not be too high, otherwise the oil will darken 
greatly and lose in quality and in value. 

Certain writers recommend that linseed oil should he boiled in 
the presence of water, whereas others condemn this practice, pointing,, 
out the difficulty of clarifying oil so treated. Without doubt the 
presence of water lengthens the operation, but this expenditure of 
time is compensated for by the state of the oil, which is colourless and 
may even be obtained in a quite limpid condition, when at the end 
of the operation the greater part of the water is evaporated off by 
means of additional heat. 

The majority of makers commence by heating the oil to a tem¬ 
perature bordering upon boiling (about 150" C.) before adding the 
driers. When this method is adopted a boiling pan large enoughi 
to allow for the augmentation of volume produced by the expansion 
and frothing of the oil must be provided, and the driers must be 
added by degrees and in as dry a state as possible. This is why 
certain recipes, without stating reasons, recommend the employment, 
of calcined substances, whereas it is claimed that a product of quite 
as good a quality can be obtained by putting the ingredients into, 
the oil before the fire is lighted. It is better, even in this case, to. 
employ perfectly dry material. 

Some makers put the driers into a bag, whereas others, following 
the very early example of Watin, mix up the ing'-edients and the oil.. 
The results are equally good in either case. 

In discussing the question whether varnish-makers who cater for- 
a mixed trade should supply their customers with boiled oil of their 
own make or purchase what they require for this purpose, Huenchen 
points out that makers in a large way of business have the requisite, 
plant for boiling oil themselves, and that by doing so they can secure 
the margin of profit on the boiling, whilst at the same time they are 
certain of letting their customers have a genuine article. A good,,, 
deal has been written on the necessity for supplying pale boiled oil ^ 
but in i-eality the demand lor this grade is not extensive, and is onlyji 
suggested by the continuance of offers. A point of greater impoftancS;; 
'than colour is that the oil shall dry well, and furnish a durable coatihffi 
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for the surfaces to which it is applied. In the manufacture of oil 
varnishhs, hoiled oil plays only a minor part, raw linseed or thick 
boiled oil being chiefly used nowadays; and in this connection it may 
be mentioned that linseed oil which hecomeg flocculent when boiled 
may be utilised for boiled oil, though quite unsuitable for varnish. 
While good boiled oil can be obtained with the aid of litharge, the 
use of this drier results in a good deal of foots: whereas, when half 
the quantity of hydrated oxide of manganese or manganese Imrate 
(1 to per cent.) is used, the deposit is much simtller. Similar 
results follow the employment of such driers as the rosinates of lead 
and manganese, and these latter have the additional advantage that 
the oil only needs boating to 120’ to 180° C,, as compared with 220° to 
240° C. when the oxides are used. For the varnish-maker it is an 
advantage to prepare his own driers, since ho has all the ajipliances 
at hand, and can in this way reduce the cost of his hoiled oil. 

T/ie- FinKlim of Ozone, in Causing Jn'nseed Oil to Dry More 
Bapidhj. —Drs. Schrader and Dumeke used ozone not only for 
bleaching amber and other varnishes, but to hasten the rapidity of 
drying of linseed oil or turpentine, and for the rapid bleaching of 
linseed oil. By passing ozone through oil contained in deep and 
narrow vessels, the action is finished in a relatively short time, and 
the oxidation ceases almost completely. If the oil is then exposed 
in shallow vessels to sun and air, further oxidation occurs, the 
bleaching and the thickening of the oil are hastened and the rapidity 
of drying is increased. In the manufacture of boiled oil the addition 
of a few hundreths of finished boiled oil to the, linseed oil to bo used 
facilitates the fixation of oxygon, and an action occurs similar to 
oil-boiling catalysis. In practice the linseed oil is mixed with a 
small proportion of previously made boiled oil, and a current of 
ozonised air is then driven through it by a pUmp, the oil being placed 
in tall and tiarrow vessels, which are heated by steam during the 
process. In a short time a white rapidly drying oil is obtained. In , 
Pummerer’s process the oil is rendered colourless and transparent, 
and its drying power is increased by subjecting it, with or without 
heat, to the aotion*of a current of ozone in closed vessels. Pumps 
force or suck the gas through the oil until it ceases to be absorbed. 
The oil (o be oxidised may be placed in receivers heated to 40° to 60° 
C. by a coil. The ozone enters at the bottom through a number of 
small holes so arranged as to make the contact between the ozone 
and the oil as intimate as possible. Certain piano makers use ozone 
for boiled oil. In his process for drying varnished marquetry, Carl 
Hoch places the articles in an oven, and ozone is made to pass over - 
them through pipes. Whilst Japanning requires a temperature ap¬ 
proaching 300° C. (572° F.), one of 35° suffices for the Hoch process, i 
which can then be employed with objects that it is dangerous to. 
make very hot. 

Acrolein is a product of destructive distillation, and as oil-boiling 
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is partially a destructive distillation product, acrolein is produced 
during oil boiling. It may be regarded as a toxic product. It is 
especially abundant in crude wood spirit. Prior to the Excise grant¬ 
ing the use of methylate! spirit for industrial purposes, the crude wood 
spirit used by French polishers so abounded in acrolein that many 
of them—and quite young men too—went blind. The remission of 
the ordinary fiscal tax on denatured alcohol was dictated by humane 
considerations wholly and solely. For many a long year in America, 
up to about a decade ago, acrolein counted among its annual victims 
hatters and French polishers, although they have long had in America 
a pure methyl alcohol free from any trace of acrolein, but acrolein still 
counts its victims amongst the engineers who attend to a leak in the 
fractionating stills in which crude methyl alcohol is rectified. A whifl 
of concentrated acrolein from a leak places them hors de combat for 
a week. Acrolein is not only produced during oil-boiling by steam 
but also in oil boiling by fire. It is quite a persistent product in both 
oases, the only consoling thing about it is, if it nearly kills the tyro in 
oil-boiling, it none the less does him a very good turn indeed. While 
his eyes are weeping copiously and smarting acutely and his nose 
discharging in streams, he can congratulate himself at being in at the 
death of that highly cunning old fox, the polymerisation theory. Even 
acrolein cannot be produced out of nothing. Ex nihilo nihil fit, and the 
tyro in oil-boiling has positive evidence of acrolein which belongs to the 
carbon compounds that are classed as aldehydes. And what is an 
aldehyde? Ah well, aldehydes are compounds intermediate between 
the alcohols and the acids. They are formed from alcohol by the 
abstraction of hydrogen; hence the name, which is an abbreviation of 
alcohol dehydrogenatum. Preparation .—The aldehydes are formed 
by the oxidation of the alcohols; ethylic alcohol, for instance, yields 
acetic aldehyde. 

CH, 

CHjHO + 0 = CHj + OHj 
COH 

Ethylic alcohol oxygen = acetic aldehyde + water. 

Acrolein. Acrylic Aldehyde, CH. 2 CH COH, molecule weight 56.— 
One litre of acrolein vapour weighs 28 oriths, boils at 52‘4‘’ C. 

Preparation .—By the dry distillation of many organic substances 
as in oil-boiling and wood distilling. By the action of phosphoric 
anhydride or sulphuric acid, both of them dehydrating agents on 
glycerine. 

OH,HO 

OB HO = 20Hj -t- OH,; OH COH 

CH,HO 

Beaction .—By oxidation acrolein yields acrylic acid— 

OHjOH ootl + 0 « CH,: OH(CO,H). 
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Description of Actual Method of Preparation. —There are takes 

* (IramnioH. 

Anhydrous glycerine.200 

Potassium bisuipbate fused.fiOO 

Neutral potassium sulphate 200 


The mixture is introduced into a litre flask with a short neck, the 
fused KHSO 4 being finely pulverised and the whole intimately mixed. 
The glycerine ought to be previously heated for some hours in vacvo 
at a temperature of 180° C. under a pressure of 60 mm. so as to be 
completely anhydrous. The neutral sulphate which is added after¬ 
wards is intended to fix the vapours of sulphurous anhydride which 
would completely polymerise the acrolein. The flask containing the 
mixture is connected with a good condenser, and the distillate is 
received in a large decanter surrounded by ice. The flask is heated 
on the sand-bath very gently during the first hour to avoid frothing 
and priming over into the condenser. The froth gradually disappears 
and the heat is increased so as to end the distillation in 8 to 4 hours. 
The acrolein separates on the top of the fluid distillate, the aqueous 
layer is removed as far as practical during the process so as to avoid 
too long contact with the acrolein. This aqueous solution of acrolein 
is heated on a salt-bath and the acrolein which distills is added to the 
upper layer, which is fraction.ated once or twice over precipitated lead 
oxide. To condense acrolein it is necessary to use iced water. The 
yield is 40 per cent, of the glycerine employed. Acrolein is a mobile 
liquid Slightly soluble in water endowed with a piercing odour, which 
boils at 52‘4 (126'32° F) under the atmospheric pressure. The only 
way to get quit of this highly toxic fume, so dangerous to the eyesight, 
is to pass all fumes and vapours containing acrolein through a furnace, 
or the oil-boiling pan should be on the top of the roof, or a hood super¬ 
imposed over the pan leading the fumes to the condenser. The heat 
required to dissolve fused metallic rosinates in linseed oil is of too low a 
temperature to regard the production of acrolein in that particular pro¬ 
cess, yet in oil-boiling at a steam heat of 35 lb. pressure in a jacketed pan 
acrolein makes itself felt at an early stage, that is to say, under 248° P. , 
Dry Distillatiot of Castor Oil.—Under the action of heat castor oil 
. yields omanthol as wqll as a certain amount of undecylenio and 
polyundecylenic acids. The distillation is effected in a 2 litre green 
glass retort into which 500 grammes are poured and the neck of the 
retort is connected with a tubulated matras of 1 litre cooled by 
a current of cold water. This matras is connected by its tubulure 
with a vacpum pump and the aspiration so regulated as to maintain , 
' in the apparatus a pressure of about 100 mm. The retort is heated in 
j an oil-bath until distillation starts and the temperature is so regulated; 
^as to keep it constant. First, ornanthol passes over along with water, ^ 
\then undecylenic acid bringing in its train a certain amount of itas 
(^'polymers. The heat is stopped when the froth formed reaeher 
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A height of about 5 mm. and the bubbles of gas can hardly make thei 
way through the viscous mass. The residue being highly inflammabli 
it is well to wait until the whole is cooled before opening the retoit 
The liquid distillate is tactionated on the water-bath under the sami 
pressure of 100 mm. What passes over up to 100° C. is a crud( 
snanthol. It is purified by fractionation at the normal pressure 
The yield is about 10 per cent, of the oil employed. The residui 
remaining in the retort is distilled over a naked flame until tin 
contents of the flask solidify. The temperature rises as far as 24{ 
(404° T.), crude undecylenio acid is thus obtained, about 20 per cent 
of the weight of the oil. 

Pijie throuffli roof 
tliroiigli wliicli lianu- 
le».s umoiidmi»nblu gasts 
diirusf into air. 



Fio. B3.—Two oil-boiling pots each set in its own brickwork furnace, each fitted 
with its own funnel-shaped dome. The latter is fitted to a pipe leading to 
another wider pipe through which a spray of cold water is injected under 
pressure. 

Oil varnishes, boiled oil, and spirit varnishes, such as are prepared 
by means of a volatile solvent, dry in different ways. Linseed oil 
varnishes dry by absorption of oxygen from the aip when an increase 
in weight occurs. Oil varnishes dry first of all by the oil of turpentine, 
used as diluent, evaporating, and the remaining mixture of resin and 
oil oxidising under the action of the oxygen of the air, and finally 
becoming solid and hard. Spirit varnishes with volatile solvents, 
such as oil of turpentine, alcohol, benzine, etc., dry by the solvent 
simply evaporating, and the resin, no matter of what kind, which 
had been dissolved therein, remaining behind as a firm coating. 
These facts are widely known, and form the basis of the manufacture 
of oil and spirit varnishes, but, according to experiments con¬ 
ducted by And6s, and described in the “ Chemiker Zeitung," they 
only prove right if the boiled oil and oil varnishes are without 
admixtures of non-drying or verj^ slow-drying substances and' the 
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spirit varnishes contain a single solvent of e<jual evaporative power 
.■'in accurately set down limits. In the case of deviations from the 
■above there will be other appearances. If, for example, boiled oil 
which by itself dries well, is mixed with a ce|tain, but not very high 
percentage of mineral oil, an adulteration much in vogue, this 
addition will influence the drying capacity greatly, and it may occur 
■that such a product does not dry at all. But if boiled oil is mixed 
with considerable quantities of mineral oil, a diflerent observation 
will be made. The boiled oil applied in a thin layer takes up oxygen 
Ifrom the air and dries, and upon the dry varnish coating remains 
a thin layer of non-drying mineral oil. In the case of a mixture of 
equal parts of linseed oil, rosin oil rendered drying, and mineral 
■oil, the same action was observable. Boiled oil and rosin oil became 
■dry, while the mineral oil remained on the dried skin as a thin 
ooating which might be wiped oil. From this it follows that boiled 
oil takes up oxygen with separation of mineral oil and dries, a cir¬ 
cumstance which deserves full attention in the examination of boiled 
■oil, and which, without any analysis, demonstrates the presence of 
mineral oil in large quantities. If oil varnishes are prepared with 
solvents of different evaporative power, e.g. with oil of turirentine, 
which is adulterated with petroleum distillates, this does not exercise' 
any other action but that to retard the hardening, i.o. the drying of the 
varnishes. 

Oil-Iwiling by Direct Fire Ileal.—0\\ is still boiled to some extent 
and fo* special purposes in fire-heated cast-iron pans, often in the form 
of an inverted truncated cone, so that in priming the oil spreads over 
a wider area. Enamelled iron pans are also used, more especially on 
the Continent, but such pans are heavy and clumsy, and their use is not 
general in this country, where oil-boilers do not take to them kindly. 
The oil-boiling pan is half-filled with oil and heated for 3 hours. 
The oil is for certain purposes inflamed a few minutes before the fire 
is drawn. Again the oil is heated much higher, flOO" to 226' C. 
(392’ to 437' F.), and kept at that, sometimes it is said for 8 days, vide 
infra. So that the heat may not rise too high, a small quantity of tin 
is said to be sometimes added and care taken that the oil does not 
become so hot as to melt the tin, 228' C. (442’4' F.) but that would 
entail a constant watch* on the oil pan unless obviated by an electric 
bell arrangement. For a thick oil the temperature is raised to 
316° C. (say 600° F.) and kept thereat from 6 to 8 hours. But for 
pale boiled oil, it is not thought desirable to heat the oil so as to impart 
a brown colour to it and to liberate free linoleic acid, which dries more 
slowly tha*n linolein. It has been urged that to produce a superior 
boiled oil the heat should not rise high enough to create destructive, 
< 'distillation of the oil on a wholesale scale, or to “ crack ” the oil, but' 
should rather be kept at that temperature which brings about., 
such change in the oil which would superinduce that very peculiar 
l^henomenon known to purely theoretical dtemists, and to them 
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alone, as “ polymerisation ”. That is said to occur between 150° anc 
200 C. (302° to 392° F.), but even at that low temperature aorolein ii 
given off, and aorolein and polymerisation are absolutely contradictory 
The lower the temperature at which the oil is kept, the longer doet 
the " boiling ” process last, but by working in this careful way a verj 
pale boiled oil is said to be obtained possessing great elasticity, and 
such excellent all-round general properties that the lengthy duration o: 
the process and the care taken in watching, it is claimed, are more that 
compensated by the virtues of the oil. Continental writers tell us tha 
we in England thus devote a whole week to boiling a batch of oil ir 
this way I The best answer to that is that the price of linseed oil raaj 
rise or fall as much as £5 a ton within the week. The oil boiler of th« 
present day cannot afford to fall asleep over his oil-boiling pan and sc 
lose his market, not even once instead of seven times. 

Oil-boiling by Naked Fire .—When only small quantities of 
boiled oil are required, the most simple plan is to boil the oil in an 
iron or copper pan of about 20 gallons capacity, with enlarged mouth 
to prevent the oil from frothing and priming over. This pan is at 
a certain height fitted with a collar or circular flange which supports 
it on the rim of a sheet-iron furnace, fed preferably with wood char¬ 
coal. The pot being filled to the extent of half of its capacity with oil, 
and therefore containing about 10 or 11 gallons, the fire is lighted, 
and as soon as boiling commences the driers are added in small 
quantities at a time with constant stirring with an iron rod. The 
proportion and the nature of the driers used vary much, accord¬ 
ing to And^s; for the quantity of oil in the pot, either of the following 
mixtures may be used:— 

A. 2^ lb. of red lead.and 2\ lb. litharge; or 

B. 2^ lb. of litharge and 2^ lb.’ sugar of lead; or 

C. lb. of red lead and 8| lb. sugar of lead; or 

D. Ij^ lb. to 3| lb. of borate of manganese; or 

B. 2:^ lb. of hydrated oxide of manganese. 

Driers are previously ground as finely as possible, and the oil well 
stirred after each addition. As soon as driers are all in and frothing 
aas ceased the pot is filled with oil just up to the neck, and the fire 
!0 regulated that the heat does not rise above 220° C. by means of 
t thermometer with metallic framework. The operation is generally 
xsmplete in 3 hours, during which time the driers are frequently 
stirred up from the bottom. The pot is then withdrawn from the fire, 
ind the oil is set aside to clarify; or if it be desired to start boiling 
b fresh batch it is run into a galvanised wrought-iron tank. This is 
t very simple arrangement, it has the drawback that the pot full of 
lot oil has to be lifted down from the top of the furnace, thus greatly 
mhanoing the risk of accidents. Further, when several consecutive, 
soilings are made the heat is badly utilised. To remedy these draw*, 
sacks a furnace built in a framework of masonry is used. The furnace’ 
8 sometimes covered vdth an iron plate, with 8 circular hole into wbiohj 



the pot fits. More often, the fire is underground, thus enabling t!ho^ 
workman to watch the operation at his ease, since the pot is then on' 
on the same level as the ground. In that case a rather different kind 
of pot (Fig. 84) is used, so constructed tha(i the oil does not receive 
throughout its whole mass, and at the outset, tm heat stored up in the 
brickwork. To obviate this the pan of about 20 to 22 gallons capacity, 
generally of cast-iron, enamelled inside, is contracted in the middle 
and rounded at the base, so that the bottom only is exposed to the 



Fio. 84.—Portable on-boiling pot. A, B, flue and chlmncy-ntalk; C, plate on . 
,whlch flange of pot rests, 

. action of heat. Otherwise the process is conducted as before, only 
the oil is heated a little longer, say, 4 hours instead of 3. This pot ia 
lifted off the fire on to an iron stand (Fig. 86) by two wrought-iron bars, 

7 to 10 feet long, passing through loops fixed to the side of the pot* 
(iso that in case of fire the bearers may be at a safe distance, buk 
mechanical arrangements are now used to lift and convey both oil- 
^boiling pots and varnish pots from the fire. In oil-boiling by steam the’ 
;*Oil may be run by gravitation into the boiled oil store tank, however 
^r distant from the pan. 










|62^ ' THE.‘«ANUFACTDBE of FABNISHEg'? 

When large quantities of oil are to be boiled no good purpose is 
•served by multiplying operations. It is better to use larger pons. In 
an extensive business the pans may measure 6 feet 6 inches high by 
5 feet in diameter. I’evertheless we more often meet with pqns 
having a capacity of 60 to 120 gallons. In fact big pots in oil-boiling 
by lire are clumsy, dangerous, and expensive in working and in hand¬ 
ling the boiled oil. The pan is of strong iron plate about J of an inch 
thick, is built into masonry in such a manner that the upper part 
controls a circular gutter of I^ to 2 inches deep, which, in case of the 
•oil boiling over, conducts it to an adjacent receiver. The pan can be 
so built into the brickwork that it may be heated on part of its bottom 
and its sides, or, on the contrary, and preferably, on its sides alone. 
In the first case it so rests on the brickwork that the centre part of the 
'bottom is exposed; in the second case, so as not to overheat the bottom 
part, it is sujjported by a small arch of brickwork, thus preventing 



Fia. 6.5.—Iron stand (double) for holding pot shown in Fig. 84, after removal 
from lire, 

■solid matters from tenaciously adhering to the liottom. The cylin¬ 
drical form of pan is not always adopted. We often come across 
pans almost conical in shape, the narrow part of which forms the 
bottom—a form which has the advantage of distributing the heat 
more evenly, and, owing to the larger section, of diminishing, in case 
•of frothing, the chances of the oil running over. Such a pan is half 
•or at the most two-thirds filled with oil and at first heated gently, and 
when the oil reaches 100° C. (212° F.) the impurities on the surface 
are skimmed off. The driers, previously completely desiccated and 
ground very finely, are then added. It would not do to add them in 
the beginning, as they would fall to the bottom, and their effect be to 
a great extent lost. And^s gives the fpllovrag proportion for 20 gallons 
of oil:— 


2| lb. red lead, 24 lb. litharge; or . 

24 lb. litharge, 24 lb. sugar of lead; or 
IJ lb. borate of manganese; or 
24 lb. hydrate of manganese. 

Boiling is kept up for 6 hours not exceeding 220° C. (396° P.). 
The temperature is regulated by means of a thermometer in rnetal- 
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■ Fi<i. «6.—Plant for oil-boiliiig by naked lire {with removable grate runntftg 
vfi roilii) 

tfraniework, or, better Htill, l)y ati aneroid thernioraetor, which is more 
legible, and not so fragile. Formerly the heat was occasionally regu¬ 
lated by adding some tin. The degree of heat was at one time 
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Fio. 87.—OiPboiliDg by 6re. Movable furnace and portable oil-boiling pan. 
ascertained by dipping the quill end of a feather, which ought to 
at once shrivel and curl up, into the oil. This is still a handy 











p64 

pP, . ,,,, :-''-;v^ ■■■''‘v’.'^,.\\v«,,.':"^-,.;/l 

»lthough the ultra scientific may sneer at ii. xne mow 
attention there is paid to ensure a constant regulated temperature 
the brighter and paler will be the oil. When very quick-drying 
properties are aimed at ghe oil is boiled from 1 to 2 hours longer, and 
the amount of driers increased from 20 to 25 per cent. At the time 
of adding the driers the oil should be well stirred either with an iron 
spatula, or preferably by means of mechanical agitators (a revolving 
shaft with arms, or a simple hanging chain fixed at both ends to a 
horizontal shaft, bent twice at right angles, fixed above the pan; the 
chain descends almost to the bottom of the pan and is turned by 
means of a crank some distance away). A wood charcoal fire allows 
a constant temperature to be maintained if the fire be well regulated. 
Coke will suit equally well. So as to lessen the risk of the tempera¬ 
ture rising too suddenly, which would colour the oil and cause it to 
overflow or aggravate the risk of fire, it has been suggested to use a 
movable grate, which can be lowered instantaneously, and thus cause 
the fuel to fall into a pit full of water (see Fig. ,86). Movable car 
furnaces running upon rails (Fig. 87), and thus capable of being. 
MSily removed, have also been employed. Oil is sometimes boiled 
by immersing the pan in a sand-bath, or in a bath of a suitable alloy. 
But this plan is hardly to be recommended, because it the tempera¬ 
ture rises too high, the oil cannot be withdrawn from the source of 
heat; the same thing sometimes happens when the pan is built into, 
masonry or set in brickwork, for even in the case of a movable 
furnace the oil remains exposed to the action of the heat, stored, 
up in the brickwork. To remedy this the pan, which sometimes 
measures more than 9 cubic feet, is mounted on a kind of trolley. 
The circular opening of the fire is level with the ground. If the 
temperature rises too high the trolley supporting the pan is removed 
from the fire; a movable hood with counterpoise descends over the 
top of the pan and carries away the fumes. This enables the oil- 
boiler or varnish-maker to watch the operation very easily, and pre¬ 
serves the metal of the pan. When the operation is terminated the 
)il is ladled out, and on the large scale pumped into a galvanised 
ron tank. As soon as the pan is empty it is imnjediately recharged 
with another batch, and generally without being cleaned in any way. 
The coating which forms on the sides of the pan prevents the oil 
rom darkening, but care must be taken to remove any excess of 
Iriers from the bottom of the pan, otherwise unintentionally an ex- 
less of driers, which might have an injurious effect, may be added to. 
he next batch. When the skin becomes too thick it is scraped off. 
n certain factories this is only done once a year, or once in 2 years.. 
Che foots from oil-boiling by fire may be used in making black paints’ 
vhioh are so difficult to dry. 

In Dullo’s process 250 kjlos. of oil, to which lb. of black oxide : 
if manganese and the same quantity of hydrochloric acid have iieen, 
4d.ed, are heated in a copper boiler without reaching the boili^-i' 





This is stirred tip with a spatula covered with a ‘sh^t of sine; 

S^he operation is finished at the end of a quarter of an hour; by pro- 

I longing it the varnish has greater drying power, but becomes more 
jand more coloured. After remaining 24 boars the oil is decanted, 
and is limpid and fluid. The deposit is usedTO make glaziers' putty. 

In Barruel and Jean's process from 100 to 130 grammes of 

■ .chemically pure manganese borate are ground up with 2 kilos, of 
■old clarified linseed oil. The mixture is heated for a quarter of an 

■ hour almost to the point of ebullition. The manganese salt dissolves 
And the oil takes a chestnut-brown colour. The product dries in 24 
hours. 



Pig. 88.—K, oil-boiling pau, willi fire-quenching arrangement; It, agitator with 
blades; M, crank-handle working cog-wheel gearing, 0; H, hood to convey 
fames to chimney-stalk, B; K, hearth, the bars of which are kept in posi¬ 
tion by the rod S, by means of which, if the oil threatens to prime over or 
catch fire, the fnrnace may bo extinguished by tilting its contents into the 
, vessel W, filled with water. 

Boiled oils prepared with manganese and lead oxides dry slowly 
and do not give a hard varnish. 'The manganese driers give much 
the best results. As for litharge, it is the drier with a lead base 
which gives the best restdts—the oil dries quickly and the coat is 
hard. When the boiling has not been done at too high a temperature 
the oil is hardly coloured. Acetate of zinc is the drier to be preferred 
amongst those with a zinc base. The borate and the citrate also giVfJ 
good results. Manganese borate and the acetate of manganese are the 
best driers with this base, the borate being the better of the two. 
When the acetate is employed the oil must not be heated much above 
23d*’ C., otherwise it will take a dark colour, due probably to the 










formation of tarry products. The chlorides, nitrates, and sulphates 
are not good driers. The first two are too violent in their action, 
whereas the last are difficult to decompose and require too high a 
tempei-ature. No advijntage seems to accrue from the employment 
of the formates, citrates, and tartrates. 



Fio. 89.-Oil-boilmg by nakert fire. Tripior-Devaux process. General view. 

The Preparation of Ihikd Oil for Knamelled Leather.—According 
to And6s, the so-called blue varnish applied to primed leather, for the 
purpose of imparting thereto a bine-black tone, deep .brown in colour, 
and only becomes blue-black on drying. This process isjanalogoua 
to the operation in carriage varnishing, wherein a thin transparent 



Fio. 90.—Oibboiling by naked fire. Tripier-Devaux process. Longitudinal 
section. 

coating of Prussian blue lacquer is applied to the black‘surface in 
order to neutralise the peenish tone produced by the finishing varnish. 
Blue varnish, when dried on a metai surface at a temperature of 80°' 
to 90 C., gives a highly elastic coating that will even stand hammer¬ 
ing. The linseed oil used must be of good quality and free {rom 
mucilage when heated to 240° to 300° C. After heating to thia 
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;; temperature and recooling to 130° C., it is mixed with 10 ^er cent, of 
Prussian blue (ground fine and made into a paste with linseed oil), 
the whole being stirred and heated until it froths up. The heating' 

■ of the mass is then continued with great oarV until it thickens and 
turns from blue to brown, the proper thickness Ix’ing attained when a 
vapidly cooled sample can be drawn out in long threads between the 
fingers. The finished varnish is loft to cool slowly, so as to allow the 
undissolved blue, etc., to settle down, the supernatant varnish being 
filtered, and the sediment use<l up in, the next batch. Wiederhold 
found that the sediment in the pots consists of a resin (soluble in oil 
of turpentine) formed from the linseed oil employed. For use, the 
varnish is thinned down with oil of turpentine, driers being added it 
dr)dng is to proceed at the ordinary temperature. N itric acid is also 
used in the preparation of blue varnish, being a powerful oxidising 
agent; but its use is to be deprecated owing to the difficulties in the 
purification process. More complex formulie than the foregoing are 
sometimes used. For instance, 550 jtarls of linseed oil, 3 of lead 
acetate, and 1 of anhydrous zinc sulphate are heated together at 200° 
C. until viscous, then mixed with 27^ parts of Prussian blue, 10^ of 
umber, 3 of Frankfurt black, 3 of manganese dioxide, 0 of litharge,. 

6 of ferric oxide, 3 of manganese borate, 3 of brown shellac, 2 of 
dammar, 2-^ of molten amber, 2^ of sandaiac, and heated for several 
hours at 200° C. before thinning down with turps. Mohr has in¬ 
troduced a method in which l.| parts of ferric chloride and equal 
quanti);ies of ferrous sulphate and potassium ferrocyanide are in¬ 
timately mixed, ■ moistened with nitric acid, and dried by heat.. 
Meanwhile, 100 parts of linseed oil are boiled for a couple of hours, 
and then mixed with the above prej)aration, the whole being in¬ 
corporated wfth i part ot tallow that has bexm allowed to grow rancid 
in moist air, 1 part of green earthy pigment, 1 of puzzolane earth,, 
and 1 of infusorial earth. 

Villon’s Method .—The oil after boiling is tanked from 15 to 20 
days, then run back into the pot, heated up to 100° C. (212“ F.), and 
1 lb. finely ground bichroine added in five portions. It is kept at this, 
heat for quarter q^an hour, then the heat is increased up to 160“ C, 
(320° F.) and kept at that for an hour. Prussian blue, 1 lb. for every 
10 lb. of oil (finely powdfired and sifted through silk) is sifted on to the • 
oil through an iron sieve. The heat is steadily raised until after 3 ■ 
hours it reaches 250° or 300° C. (482° to 572° F.). Much inflammable, 
bad-smelling, irritating fumes are given off during the proce;ss, so- 
that the pot should be covered with a hood in the form of a still head 
to carry aWay these fumes. A mechanical stirrer keeps the mass in 
motion. Whilst the blue-boiled oil has been in preparation, another 
mixture has been in preparation in an autoclave, viz. linseed oil 100 
lb., copal 100 lb., shellac 100 lb., turpentine 300 lb. This is kept at 
850°,C. for half an hour, 30 per cent, of this varnish is mixed with 
the hot oil. A sample of the substance when spread on a glass plate • 




Another Formula.—iOQ lb. oil are heated to 100" C. (212 P.) thei 
2 lb. of bichromate add|!d. The heat is increased to 160° P., and 4( 
lb. of Prussian blue added. The heat is increased so as to reach it 


3 hours 250° to 300° C. (482° to 572° P.). On the other hand, 25 lb 
of linseed oil, 35 lb. of copal, 75 lb. of Venice turpentine, and 7 parti 
of ceresin are heated to 350° C. (662° P.). The two solutions art 


mixed and thinned with turps. 


Fw. 91. 

Fire Risks and Prevention of Nuisance ,—During boiling, pun¬ 
gent, inflammable vapours are emitted. Working with small quan¬ 
tities of oil, all that is generally deemed necessary to prevent fire is to 
have a cover at hand to place on the pot should the necessity arise,. 
On the large scale, when the oil is heated in a pan, a hinged lid is 
fixed over the pan during the boiling by means of a cord. If the oil- 
takes firetthe cord burns, and the cover falls automatically on to thft' 
pan. Different arrangements have been adopted so as to mitigate; 
the fumes. On the small scale, a simple hood connecting with ^ 










^ «himney-stalk of sufficient elevation and draught is placed above 
the .A better plan is to fix a sheet-iron lid or dome above the 

r * ?■ «•" hy which the process may 

^ watched or the contents of the pot stirred. I The cap is connected 
by means of a pipe with a tall chimney-shaft, the lower part of which 
• IS closed by a plug. Here thick viscous products with a vile odour 
condense. They are removed from time to time by opening the 
plug. The more volatile products escape horn the chimney-top. It 
IS however, better not to allow fumes to so escape, and this may be 
effected by causing them to pass through a condenser which may be 
in connection with the chimney. A very simple way is to cover the 
boilmg-pot with a movable lid provided with a “window” in the 
centre to easily open so as to permit stirring of contents. On the 
side IS a disengagement tube, which can be luted to a pipe con¬ 
nected with a condenser. The latter may be a piixi. shaped 
like an organ pipe, leading into a vessel containing water, or it may 
consist of a vertical cylinder, the interior of which contains a 
coil of piping, through which cold water circulates. The vapour 
passes through the space, )wl occupied by the pijies, and is in a great 
measure condensed. The advantage of this is that the wide, straight 
cylinder is not so liable to get choked up. It is advisable to use an 
aspirator because the vajioiirs are heavy; hy working with one 
or other ol these arraiigeiiients condensation is almost complete. 
If need be, the uncoiidensahle vajioiirs may he led through a lire to 
burn th<3m, as shown. Often no condensation is attemiited, and the 
fumes are led directly into the lire. The large quantity of air which 
18 mixed with the fumes does away with any daiigi-r. It is, however, 
necessary to be careful that the oil in the jian does not catch fire 
when these products are conveyed directly to the fire which heats 
the pan, or to a special furnace. The oil may take fire by the heavy 
vapours condensing in the pipe almost as soon as they leave the )ian, 
and should there be any Haw they may run slowly backwards lo^ 
wards the fire and there become inflamed, and thus heat to redness 
the connecting pipe, which is •generally of sheet iron, and thereby set 
fire to the condeiiHgd products in proximity to the boiling oil, and 
thus to the oil itself. This is easily remedied by protecting the 
lower part of the conduit pipe by fire-clay bricks, and adding a 
damper, so that communication may be shut off should the tempera¬ 
ture rise too high. If the fumes be condensed by means of a properly 
constructed condenser between the pan and the fire, no fear need be 
entertained. 

Oil-boUimj by Steam .—There are two great drawbacks, viz. danger 
of fire and the dark tint which the oil assumes in contact with over¬ 
heated surfaces. It has been tried to remedy these by boiling oil by 
steam heat, and ensure perfect safety, economy, and rapidity, advan* 
^es^he more to be appreciated because this method produces pale 
;foil8. The simplest plan is to heat oil in a pan by steam coil. Steam 
« , yoL. I. 24 



“*ji about 4 to 5 atmospherea (60 to 75 lb. pressure) is pa&ed tbroligP 
the coil so as to heat the oil to about'150° C. (302° F.), but a mh* 
lower temperature, about 40 lb. steam, may be employed. 
mechanical agitator spreads heat uniformly through the bulk of thej 
oil. Working with a pan capable of holding half a ton of oil, when^r 
oil has been heated for 4 hour the necessary driers are added, and’, 
boiling continued for 6 hours, the mechanical agitator being kept 
at work all the time. The process is, says Livache, rendered ' 
more economical by using superheated steam. The steam before 
entering the pan passes through a coil in a furnace capable of 
bringing it to 400° C. (752° F.). When the superheated steam in it8* ( 
passage through the coil in the pan has brought the oil to the 
desired temperature, it is then only necessary to maintain it at that 
temperature by means of the steam admission valve. But there is, 
no necessity for this superheating, 40 lb. steam does all that is re¬ 
quired. It is not intended to distil the oil, and unless this were so 
there is’ no reason for superheating. To work as economically as 
possible, the gases evolved from the furnace in which the steam was 
superheated are led underneath the pan and burnt to as.'^ist in heat¬ 
ing the oil. But if this be economical, it introduces the element •. 
of danger from fire, the obviating of which we had, amongst other 
advantages, in view when adopting the process of oil-boiling by'^ *' 
steam. In boiling oil by a steam coil there is always a serious , 
drawback in maintaining a uniform temperature throughout the 
mass even with continuous agitation. Effectual comminglin.g of the 
oil and driers is impracticable; the latter .settle to the bottom, and' 
the coil of piping prevents the agitator from reaching them. Were it 
not for this drawback linseed oil could be very w'ell boiled in a com¬ 
paratively shallow, lead-lined, rectangular wooden tank lined with 
6 or 7 lb. lead. This, however, could be easily got over by pumping 
in air through a perforated pipe laid down so that each coil thereof- 
alternated with a coil of the closed steam pipe. This, in conjunction - 
with the mechanical agitator, would effectually prevent the drier 
from settling at the bottom. By suitable mechanical arrangements 
a boiling pan made in this way would be equall,',- eff-otual and cost. 
less, not only originally but also for maintenance, than the costly 
wrought-iron or copper vessels now in vogue. But certain manufac¬ 
turers deprecate the continuous stirring of the oil as likely to produce 
md results. And6s obtained good results by using a steam-jacketed 
pan (Fig. 92), 85 gallons capacity, 'made from strong iron plate, J 
,noh in thickness, and able to stand a pressure of 4 or 5 atmospheres; 
t is provided with a safety valve, blow-off cook, and a ta^ to run off 
tondensed water. About 40 gallops of oil are ruu into the pan, the 
iteam turned on, and when the pressure ip sufficient the blow-off cook 


8 opened for a minute to allow the steam and sir to escape; this 1$ 
•epeated several times, and the escape valve adjusted, so that only w 
imall quantity of spent steam, the replacement of which by eu^| 
i^ted steam is necessary to keep the pan and contents,at' 




^^perfttore, is atHowe^ fcd escape. The oohdcnaed water is run 'otf 
Mton “eoessarj-. The steam ig regulated so as to keep the temperature 
^tween 125 and 132 C. (257 and i’.), and the proofs lasts 

from 5 to 6 hours, but by prolonging the billing and using more 
dners better quality oil is obtained. If care* bo taken not to ex- 
OMd 132 C. (269’6’ F.) the resultant oil is pale and bright To 
stimulate oxidation during the boiling process And6s fixes a mechanical 
agitator on the surface of the oil, which is propelled very slowly The 
same driers are used as in boiling oil by fire, but it is advantageous 



_^ro. 92.—Stasm-jacketcd pan for Al-boiling fitted with blow-off cook'and pres¬ 
sure gauge. This mn has the great defect of apparently not being'provided 
with a fume condenser. 

to alter the proportions * Only half of the quantities of lead com- 
^pounds should be used, but double the quantities when working ex- 
blufiively with hydmted oxide of manganese or manganese salts. To 
eooDOiuise, two steam pans may be wrought together, the steam 
passing (from the steam-jacket of the one to that of the other. But 
it^is perhaps more advisable to utilise the waste steam so as to heat 
Nn^an intermediate tank the next batch of oil as it comes from the 
^ttling tanks, and previous to the actual boiling. This preliminary ' 
tonning almost does away with the frothing of Bast Indian linseed 
iUf and the consequent liability >of the oil to prime over into the ? 
when it is heated in the iackated nan in tlin iiaiiA.1 wa.tr 



THE' MAH#^bEE OF VANISHES.' 

Vincent's Process for Oil-boiling by Steam with Simultaneous Ink ' 
jection of Air .—In Vincent’s process a pan, preferably of copper, is 
used—having a depth equal to its diameter, of 2 to 10 tons capacity, 
and surrounded withj>a steam-jacket E, up to three-quarters of its 
depth, or to the oil level or a little above It, and capable of withstanding 
a working pressure of 40 lb. to the square inch—into the interior of 
which the steam is led, as a source of heat, and so regulated as to 
register throughout the process a pressure within the jacket of 36 
lb. to the square inch. The top of the pan is closed by a dome 
riveted to it, and pierced with a manhole. In the centre is a 
stufling-box through which pass two concentric vertical shafts—a 



Fi(i. i(U.—steam dil-boiling paii.'i, showing how to connect up series from same 
steam supply pipes; I., exterior view; II., section; K, agitator; KK„ steam 
jacket; S, steam coil; L, raw oil charging pipe; FF, boiled oil discharging 
pipes; DD, steam inlet pipes; SA, condensed water and waste steam exits. 

< 

hollow shaft encircling a solid one—armed with blades. By means 
of exterior gearing (Fig. 95 B) these fans turn in opposite directions, 
and in so doing intersect each other, and thus by their “dashing and 
cutting” action cause energetic agitation of the oil and thorough 
incorporation therewith of the driers. From the dome the fumes 
are either led by a 6-inch pipe to a condenser or into the furnkee for 
heating the steam boiler. Finally, as soon as the pressure of steam 
on the pan registers 35 lb. to the aq. inch, equal to a temperature 
of 126’8'’ C. (260° P.), air is injected under pressure by means of 
a pipe passing through the jacket into the bottom of the pan. The oil 
to be boiled at one operation is first pumped into a large reservois .' 
where it is stored as long as possible; from this reservoir it is na ,i 




BOILED Oii. " ' 


878 


into an intermediate tank, traversed by a l|-inoh coil of iron piping 
through Vhich the waste steam from the pan passes, thereby 
economising expense besides facilitating tlm deposition of im¬ 
purities, The oil heated to al)out 35° C. (g5° K.) is pumped or 
run by gravitation into the pan, and steam turned on in the 
jacket. .4s soon as the piessme marks 2 atmospheres, 35 11). to the 
sq. inch, the agitators are put in motion and air pumped in. The 



Fto. !)4.—Steam-jaekAed j)ati with agitator tor oil-boiling, otr., titted witli safety 
valve. A, body of pan ; BWi, .steam jacket; C, bomb-shaped bottom ; D, 
blow-off cock; K, oil e&trance; P, waste steam and condensed water exit; 
HH, cover; K, boiled oil exit. Botli K and F ate fitted with turncocks, 
not shown. The pan is also fitted with a pressure gauge. 

finely pulverised drier, beaten up with a little oil to the consistency 
of treacle, js fed into the pan slowly and in a thin stream through a 
funnel with a stop-cock fixed in the dome as soon as the oil in the 
pan has become evenly and thoroughly heated through its bulk, or 
about hour after the steam indicates a pressure of 35 lb. Intro¬ 
ducing the drier in this highly comminuted condition prevents 
coagulation, and gives practical effect by complete diffusion through 
tte oil to Vincent’s theory of oil boiling by steam, which requires 
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each jjai'ticlc ol oil to lx,' in contact with, or in proximity to. a particle 
Ot the (li ifT used and the oxy"cn of the air at the same time. Air is 
injected in this way so long as it is ahsorlied and does not cause the 
oil to troth up and pr'irie over into the condenser. It was thought 
at fiiKl it might he advisable to heat tlu' air hetore injecting it into 
the pan, hut this would ajipear to he useless, as it becomes so heated 
by the piessnre to which it is subjected in overcoming the weight 
ol the oil, lifting the heavy valves, etc,, that the pipes through 
which it passes cannot he held in a firm griji in the hand, and 



fie. 'tt. Oi|.li,,i|in(, |,Y |n,.|.caeil |mii wiili dome. A, liticl \v]ih agitutov lirivcn 
liyieg-wlio lKoainit;, I!, ami |u|ii', C, leadiiw I" coiKlenwr: I), dmi-liargc pipe. 
It was ihemgh tins pipe timt Viiieeut injected an- into ilie oil, but his pan 
was no doidit l>,-tler adapted tm- this being done than tin; one shown in tins 
hgiiie. 

not only so. hut its jiassage through the oil cools the latter but 
very little. The process lasts 4 hours, Hy means of a 2-inch pipie 
in the hoUom ot the pan the oil is rim into tanks where it deposits 
any iindissolvod driers, ete. It is through this discharge pipe that 
the air is injected into the oil. Injecting it in any other wav leads 
to the iiijeclion pipe getting choked np with oil-skins, etc. Boiling 
oil hy Vincent's process is I'specially applicable for use with the 
rosinates and linoleates ol manganese, Vincent left us no record of 
the drier he used, possibly it was the borate of manganese; hut the 
solution given under manganese acetate is an excellent drier for use 
in this process in the proportions stated. 
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Bwh pan is fitted with the following accessories, viz. blowinc ao- 
phanoe in the shaj^ of improved double-acting air pump with metallic 
air valve, and perforated air pipe leading to the inside of boiling pan 
By the use of the metij/lio air valve all risk of stoppage is avoiLd. 
as wmpared with the ordinary class of pumps, which are fitted with 
leather or india-rubber valves, or by internal agitator working with the 
double-acting air pump tor ensuring the chemicals heing thoroughly 
mixed with the oil during the process of boiling. Self-contained 
belt driving gear for actuating the double-acting air pump and agitator. 
The above is arranged to bo driven from any existing shaft, and the 
necessary steairi for boiling is obtained from the main boiler of the 
manufactory, whore the boiling pan is fixed. Other fittings are steam 
pressure gauge, gun-metal steam and drain valves, and main draw 
oH tap with branch pipe. 



steam-heat Oil-bo it inij.—This new ijonstruction is most suitable 
for the employment of steam at any pressure, but it is especially in¬ 
tended to remedy the inconveniences arising in Ifcating, melting, or 
eyaiiorating such materials of which the boiling- or melting-point is 
higher than 200°. With many of the arrangements employed till 
now, it is almost impossible to prevent these materials from burning 
or Igniting. To apply overheated steam direct to the material is for 
chemical or physical reasons in many cases impracticable. An in¬ 
direct heating with overheated steam becomes expensive because 
Mflioient heat can be gained only if the steam passes through quickly. 
If the overheated steam is allowed to stagnate in the heating pipes, 
the transference of heat is insufficient on account of its little specific 
heat. Moreover, the boiling vessels always require to have smooth 
walls because of the emptying and cleaning, and serpentine ^ipes 
must not be put in because they would hinder or even prevent th6 
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stirring of a liquid. With the patent boiling vessel all inconvenienoss 
are clain^ed to be removed: it affords great safety in working, and 
permits of special arrangements suitable to all branches of industry. 
The peculiarity of this boiling vessel consist^ in wrought-iron ser¬ 
pentine pipes of great strtmgth (for instance, Perkins’ pijtes), being 
cast in its massive metal walls so that the heat introduced into the 
pipes is rapidly communicated to the well-conducting walls of tho 
vessel which surround them, thus reaching the contents of the vessel. 
The inside walls of tho vessel are stnooth. Tho outsid (5 walla are 
protected against radiation by a heat-proteeling coating. Tho pressure 
of the heating medium, for exam})le, steam or hot water, is (lompletely 
absorbed by the thick-walled Perkins' pi))es, the walls of the vessel 
being consequently entirely free from iria'ssuri'. The vessels may be 
provided with arrangements required for either purpose, such as 
stirring apparatus, steam dome, etc. 



Fio. !IS.—Oil-boiling pan littccl witli japes for i.ni)nrlii;uleil steam, air, or water, 
tlie pipes being bxed m tlie sides and bnttom during easting. 


Boiliiiii Siiiirrlirali’cl Air .—Notwithstanding the advantages of 
oil-hoiling hy steam, there is one drawhack which has Ikiou con¬ 
sidered so serious by some mamifactmers as to lead them to give up 
this method. Kven with superheated and thoroughly dried steam 
there was always .f certain amount of moisture which acted on the 
metal of the pan, piercing it in holes and causing bursting or explo¬ 
sions. Superheated air was therefore sirhstituted for superheated 
steam, This air is drawn by a fan from the superheater to the 
(steam) coil or jacket, and is agaiir r etur ned to the superheater, thus 
wor king in a continuous cycle. The difference between the specific 
heat of steam and that of air renders the economy of the hot-air pro¬ 
cess very problematical. The coil in the pan is of copper, which, 
although dearer than an ii-on one, does not colour the oil. As copper 
is also attacked by hot oil, it has been recommended to electro-plate 
it with silver. The coating need only be but very thin, as it under¬ 
goes no wear and tear. 







^iiUi for7and Chaises iBUich take Place in, Oil■bailinff.-^1;hie0^ 
^intg require attention: (1) Th,e amount and nature of thd driers;- 
(2) the temperature of boiling, and (3) its duration. When workin^^ 
with naked fire, the qi|antity of drier varies from 2 to 4 per cent, of^’ 



, lead compounds and 1 to 2 per cent, of hydrated oxide of manganese#, 
^'The deposit which forms at the bottom of the pan consists of a 
fiyisoous mad, and when a drier with a lead base has been used, we ^ 
^^60 find a notable quantity of metcUlic .lead, whilst the boiled QjK| 
only contains about 1 per cent, of oxide of lead. It folldW^5 
oxidisable principles of the oil have j^uced 










ol oxide ot lead ; (2) that a certain quantity of 6xide 
1 # tbrowA down in the form of lead salts insoluble in oil; (3) that a 
i^Mkrt of the oxide of lead enters into a soiublq combination with the 
oil; this combination takes place by the sijpple saponification of 
certain glycerides of the oil, and consequently a corresponding 
quantity of glycerine is liberated. These different reactions are set 
up from the commencement at a moderate temperature. When 
manganese is used instead of lead, the boiled oil contains about 
i per cent, ot oxide of manganese. 

The temperature ought to be regulated between 210° and 228" C. 
(410° to 442'4° P.) so as to get a good boiled oil, because (1) oil when 
heated commences to give off volatile products at about 230" to 236" 
C. (446° to 456'8° F.), with the formation of fatty acids which yield 
oxidation products of inferior quality, requiring longer time to dry. 
When it is required to .produce a limpid oil with but little body 
(which is not always the case; take printers' ink, foi’ example), it 
is advisable not to go ♦beyond 230" (!. (446° F.). (2) ••Igain, as a 
consequence of the saponification of a small quantity of oil a corre¬ 
sponding quantity of glycerine is liberated ; now if this glycerine 
remained, in the free .state, in the oil the oxidation products would 
never dry perfectly but remain tacky. The glycerine must therefore 
be eliminated: this result is obtained by prolonged boiling, for the 
glycerine is partially carried away by the volatilisation of certain 
principles of the oil, which are given off in small proportion during 
the whole process, however carefully regulated, and even although 
the temperature remains lower, than the temperature of distillation of 
glycerine. Another portion of the glycerine decomposes under the 
action of prolonged heal, either in presence of metallic lead, as found 
at the end of the operation, or into volatile products such as acrolein, 
acrylic, formic, or scetio acids, and finally the larger quantity reacts 
upon the triglycerides of the oil, forming diglycerides which after¬ 
wards oxidise and dry perfectly. Now this latter reaction in which 
1 molecule of free glycerine,combines with 1 molecule of a trigly¬ 
ceride to form 2 molecules of a diglyceride, says Ijivache, occurs at 
200" C. (392° F.), And to get good results, therefore, the tempera¬ 
ture should not get beloi^ 200° C. (392° F.) nor rise to 230" C. (446° F,). 
A temperature of 220° and 228° C. (428° to 442’4" F.) is aimed at. 
Finally, the process lasts from 3 to 6 hours according to the size 
and shape of the pan, and the manner in which the furnace is built 
on which the pah is heated. The oil ought to be boiled long enough 
for tile abc(ve reactions to occur, but the boiled oil finally obtained 
if better in quality the longer it has been boiled, for on prolonged 
boQing a polymerisation of the glycerides takes place, giving a final 
product which oxidises more rapidly and is very elastic after drying, 
ljuscording to Livache, this is the reason why in England, instead, oi 
^liAg rapidly so as to “ break " the oil as in France, the operatjon 
^ferri^d on very slowly at the lowest possible temperature, diit 
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boiling proceeding for several days, sometimes for even a week. But, 
as already mentioned, the fire boiling of oil is long out Of date in 
Britain. ^ 

When oil is hitileiL by superheated steam, or superheated air, the 
temperature is regulated between 125” and 130° C. (257° to 266° F.). 
The latter is superheated to 4 or 5 atmospheres, relaxing in the 
steam coil or jacket to about 2 atmospheres. It will be readily 
understood, looking at the matter Irom the double point of view of 
safety and economy, how difficult it would be to superheat the steam 
to such a temperature that the steam in the coil or the jacket would 
be at 200° C. (392° F.), because it would be necessary to heat the oil 
to 15 atmospheres. Consequently the liberated glycerine remains to 
a larger extent in the oil, and thus prevents it from drying so well as 
fire-hoiled oil. However, as the oil boiled in this way is very pale, 
endeavours have been made to get over the .difficulty, either by using 
a larger proportion of manganese drier, so as to have a more energetic 
oxidation and thereby a splitting up of the glycerine, or, preferably, 
by producing direct oxidation by a current of hot air, or finally, by 
causing a current of air to circulate through the whole mass of heated 
oil, or by projecting on the surface of the oij a small quantity of 
water so as to carry away the glycerine in its train. However this 
may be, it is most likely the reason why many persons prefer oil 
boiled by fire-heat. Nevertheless, prolonged boiling by steam 
diminishes and even abolishes this drawback. * 

Clarijieatioa o f lloilerl Oil. —When boiling is finished the oil con¬ 
tains (1) suspended solid matter, (2) coagulated or carbonised organic 
matter, (3) insoluble salts, (4) undeconiposed or unreduced drier, etc. 
To hasten deposition the oil should be left at rest as hot as possible, 
because it is then more fluid and limpid, thus facilitating the more 
rapid deposition of extraneous matter. It should therefore be run 
from the boiling pan into the settling tanks as soon as the steam is 
turned off the pan. Working with small pans which can be easily 
handled, all that has to he done is to lift them off the fire and to let 
them stand for 8 days at least. But when working with large-sized 
pans built in masonry, they must be emptied qitickly, by a ladle or 
by a pump, as hot as possible, into a resfrvoir of the same size, 
where it is left to deposit for a fortnight at least. There need be no 
difficulty in drawing hot oil from one vessel at a certain level to 
another vessel at a lower level by means of a lead-pipe syphon, 
which should be perfectly dry and filled with warm oil and held in 
the hands by a piece of stout felt if it be desired to touch jt after it is 
set. In setting it the charged syphon should be brought as close to 
the surface of the hot oil as possible before letting go, or the end of 
the syphon may be plugged up and the plug driven out after it has 
entered the oil. After standing for a fortnight the decanted oil may 
be sent into the market. If stored too long before being used, the 
oil, at first limpid, becomes cloudy, or at least dull, when knocked 
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-abont in moving or tranKported in l)arrels. This is dne to chetuibal 
, changes, which supei'vene slowly throughout the mass. All that has 
to be done is to allow the oil to stand for a day or two after it has 
reached its destination, and to decant cautiolisly. The amount of 
deposit formed in this way should not exceed*! to 2 per cent, of the 
oil. Some oil boilers, who ought to have known belter, have been 
known to fill boiled oil into drums for despatch abroad after scarcely 
24 hours’ settling, and that after boiling with 10 per c(>nt. of cotton¬ 
seed oil 1 It need scarcely be rejnarked 
that goods made in this way are liabh^ 
to be returned, and orders lost never 
to be regained. When cotton-seed oil 
is cheaper than linseed oil it is some¬ 
times attempted to boil it in ibe ]iro- 
portion of 10 to 20 per cenl. with 
linseed oil. .4n oil produced in this 
way will never clarifvf leaving alto¬ 
gether out of account its diminished 
drying properties. Its very ijiiestion- 
ablo recommendation is that it is an 
excellent way of jiro'dncing a super¬ 
abundance of boiled - oil “foots”. 

Cotton-seed oil is, in fact, only classi¬ 
fied as a. drying oil to fit in with tlie 
ideas #f theoretical cbemisis, who 
would fain make practice and actual 
facta subservient to theory. They 
choose to ignore the fact that stearine 
abounds in cotton-seed oil, and that 
nothing will prevent the stearate of 
lead and manganese from continuously 
settling out ad injinil/im. 

The very prolonged storing of 
boiled oil, far from ini|iroving it, de¬ 
teriorates it, especially in the case of 
lead-boiled oil. After from .5 to 10 
years the oil separates into two frac¬ 
tions, the one solid and brittle, whilst 
the other, retaining its fluidity, can 
till be used. Oils containing manganese alone do not alter in this 
vay.' The deposit formed during oil-boiling varies, according to the 
[uality of the oil and the boiling process adopted, from o to 8 per cent, 
if the quantity of oil treated. It is of medium consistency, and, ao- 
lording to the quality of the oil, the colour varies Irom white to 
lellow. And6s states that impure, bad quality oil gives a white or 
'ellow deposit, whilst well-purified good oil yields a brown one, with 
lo, granular or crystalline appearance. If the boiling process has 



Fii., 1(J().—Clanfh'iition of oilw by 
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fnl, showing conical arrange- 
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,thi8 deposit constitutes the only loss. It is carefully collected ' l4^ 
,TOrth sometimes as much as 50 to 60 per cent, of the oil i/f 
finds a use m the manufacture of mastic (cements), soap and low-- 
quality paints especial.y low-quality blacks, the tint of whibh it does ' 
not injure, whilst it greatly improves their naturally bad drying pro! 
pert.es. When rosin was cheap and rosin oil did not cost more tLn 
£5 a ton, the loss tn od-boihwj and the cost were compensated by ^ 
adding 2 or d per cent, of thick rosin oil to the raw oil beLe boiling 
This percentage does not affect the finished oil to any great extent. 

Boiled Oil.—Boiled oil or oil prepared as just indicated is a very im- 
^rtant factor m painting. However, in house decoration mw linseed ‘ 
Dll s the vehicle used m painting. Raw linseed oil penetrates wood and 
that IS supirosed by many to be a virtue, whereas the impenetmbility of ' 
wood to boiled oil IS held by many to be one of its drawbacks. l[ is 
ground along with white, that is to say, white lead, so as to obtain 
a soft paste which is thinned down m various jiroportions with linseed 
oil and spirits of turpentine until the desired fluidity is obtained If 
a certain shade-is desired, the colouring matter beaten up with a small 
quantity of oil is added; finally, if very rapid drying is required 
what aie known as “latent Driers” (siccatives) are added. These 
may oonsi.st of (1) a solid powder (litharge, red lead, or zumatic, i.e. 
a mixture of oxide of zinc and borate of mangane.se); (2) litharge or 
manganese-boiled oil when there is no reason to fear the painting or 
, by a drying oil, the drying properties of which have been stimulated 
by appropriate treatment (precipitated lead, acetate of lead, etc ) ■ or 
(d) hnally, of special preparations, the base of which is oil known 
under the name of liquid driers, but which are only used with 
coloured pigments, as they tiirn white tints yellow. The paint so 
iormed slovvly changes when spread upon any surface in a thin layer 
to a solid body, which forms a protective coating against exterLl 
influences. The paint ought not to dry too quickly, for the slower it 
dries the more it is capable of expanding, and thus lasting the longer. 
The fluidity ought to be such that the'paint flows easily from the 
brush whilst at the same time it does not run in streams, but spreads 
OTt m a continuous homogeneous coating. The coating must also 
thin enough to prevent the formation of Jiellieles at the surface, 
which would hinder the part underneath from drying. It is there¬ 
fore advisable to apply several successive coats. But each of these 
ought to be aliowed to dry thoroughly before the succeeding one is 
ipphed. With linseed oil substitutes, none of which can Mssibly 
form insoluble Imoxin on drying, the second coat of paint' is sure to 
feturb the first especially if applied to outdoor work in warm weather ‘ 
tod if spirits of tur^ntine or thinners be added to hasten the drying! ' 
of aU kinds slmdd he avoided. They give rise to moto- 
■wry and annoyance than eventual economy. In some exfeeni^l 
l|tanoes one might as well annlv methvkto.? 



spirit vafniah ‘as apply a mebcf^'i^i^g ^,ti6%| 
^tlMtitutes. In using boiled oil a brilliant coating is not aimed at,' ! 

question cff appearance being subordinate to that oi resistance and,/ 
durability. It is preferable to impart brilliaiioy by a final coat of 
varnish. ' For the grinding of paints in oil,<itift' and liquid, see J. 
Ciruiokshank Smith’s ManupKlure of Paint (Scott, Greenwood & Son).:, 
Qualitative Test. Rosin in Roiled Oil .—.\a a qualitative tost for ’ 
imrity of boiled oil Lippert recommends the Storch-Momwski reaction 
2 or 3 drops of boiled oil are dropped into ^-inch test tube, taking:; 
oare not to come in contact with the sides, or the oil will char in the '' 
sulphuric acid afterwards added. About U c.o. of glacial acetic acid ; 
is then poured in, well shaken up, and left to rest until most of the | 
oil has collected on the surface, a little suliihuric acid (sp. gr. 1’53) ' 
is run down the sides of the tube, and collects at the liottom. At 
the contact zone between the two acids there forms a brown ring,, 
which assumes different colours in the upper portion, and is rendered 
more prominent by gcqtle shaking. Pure boiled oil, containing lead 
or manganese oxide driers, boiled with the oil, gives a dark brown 
coloration, whereas rosinates or added fish oil or rosin oils, will give 
red to blue shades. Maize oil, said to be largely used as an adulterant 
of lioiled oil in America, also gives a red coloration. pure linseed ^ 
oil, which gave no colour reaction, was boiled with an addition of 
rosin driers prepared by dissolving lead oxide and manganese hydrate 
in rosin,when the temperature attained 1.50' C. This latter, too, 
gave np colour reaction in the Storch-Morawski test, but the result- . 
ing Iwiled oil gave a beautiful blue colour in the acetic acid layer. 
High priced linseed oil has led to considerable adulteration with fish 
oils, a very large quantity of sardine oil having been exported from 
Spain for that purpose. Oils adulterated in this way w’ero tested by 
the Storch-Morawski reaction, and mostly gave a violet coloration. 1 
Saponified and shaken up with water they all exhibited considerable 
turbidity; and when extracted with petroleum sinrit furnished a thick \ 
oil of disagreeable odour, which (unlike rosin oil) was readily soluble I 
in glacial acetic acid, and gave a beautiful red coloration under 
the Storch-Morawski test. This substance was analogous to that* 
extracted from fish liver oil by .lean, and gave the same handsome - 
purple colour reaction ithen treated with a drop of sulphuric acid, 
.the acid turning red. The faculty of furnishing this colourv 
faction, however, disappears when the oil has been exposed to light 
fltor some considerable time; and a similar behaviour was observed in ; 
Ahe above when stored in the light for a year. The actual presence 
.offish oil \^as also proved by the extraction of cetyl alcohol, melting ^ 
*t 50°. C. In connection with the alleged drying proirerties of fishj 
bils, it is mentioned that these oils when mixed with driers throw?! 
^trafa copious precipitate, and therefore render the di’yers inopera- 'j 
, Moreover, the paints prepared with such oils remain sticky fofej 
and have a muddy appearance, so that there does not seem t^^ 



aqy prospect for the adoption of fish oils as paint vehicles (Cliem. 
Rev. Fett. u. Harz-Ind.). , 

Linseed Oil Substitutes —The varnish-maker and oil boiler and * 
paint grinder often recjuire substitutes for raw materials which have 
risen in price, and also to change raw materials which have not risen, 
when painters can nevertheless no longer afford to use the products 
made with them. 

The pale colour, .somewhat thick consistency, and slight smell 
(when well made) of refined rosin oil (ERO) have natumlly brought it 
to the front as a substitute for linseed oil when the latter is too dear. 
The objections that have been urged against rosin oil are that boiled 
oil in which it replaces part of the linseed oil will not answer with 
lead or zinc pigments, but make a hard cement-like mass after only 
a few days, that the coats easily turn yellow, do not dry properly, or 
only very slowly. The slow drying of rosin oil and linseed oil when 
boiled together cannot be remedied even by large quantities of liquid 
drier. This addition, too, greatly darkens the.colour. It is true that 
good drying rosin oil is made in England, more especially in Scotland, 
and a tew places elsewhere; but once it is mixed with linseed oil it loses 
its drying power to a great extent, and the varnish will diy no better 
than if inferior rosin oil had been used. To make ordinary refined 
rosin oil drying, it is heated by steam in shallow pans, and kept at 
about 130° tl for from 2 to li hours. From 3 to 5 per cent, of drier 
(borate or rosinate of manganese) is then added, and the sjme teni- 
peruture is kept up for another hour. Of late, solutions of .fosin in 
petroleum are added, together with the rosin oil, to the linseed oil. 
The rosin makes the result better, hut does not improve the drying 
qualities. It is true that a mixture of good drying linseed oil, with 
not moi'e than 25 per cent, of refined rosin oil (ERO), dries well, but 
it has the drawback of decomposing with lead pigments. 

Pietzker, of Hamburg, makes rosin-oil varnish from fused rosin, 
with sulphites or hyposulphites as driers, and then dissolving the 
whole in the rosin oil. His process is to melt some rosin, dissolve 
■resinate orlineolate of manganese, lead Or copper in it, and then, when 
the temperature has fallen to 100“ C. he adds 20 to 40 per cent, 
hyposulphite of potash, lime, magnesia, lead, or zinc, or sulphite of 
potash, either dissolved or stirred up in waiter. The whole mass is 
carefully stirred, and kept at 100“ C. till all the water is evaporated 
and the mass is quite limpid. The sulphur compounds are then 
allowed to sink to the bottom. Of the rosin thus prepared, from 5 to 
20 per cent, are poured into hot rosin oil, in which from 3 to >0 per 
cent, of the above-mentioned rosinates or linoleates 'have been 
previously dissolved. The same result is attained by dissolving in 
rosin oil 5 to 15 per cent, of rosin and 5 per cent, of a linoleate or 
rosinate, and then adding 5 per cent, of the hyposulphites dissolved 
in water, and heating and stirring to get rid of all the water. A better ^ 
process is as follows: From 3 to 5 per cent, of rosinate or linoleate, 



BOIU?!) on* 


385 

of iMngMese or lead are dissolved in rosin oil. The solution is 
^irred. u^at oO C. with a strong solution of a chlorate or chlorite. 
The mixture is then allowed to stand withont* cooling till the water 
and oil have sepaiuted and the oil is ,inile clea,and can he poured off. 

'-' 3 "'''a'«it forourhoilodoil, iZile cuiie, 
be readily recogmisahle it is not so with the German equivalent. Fh nJ, 
which smacks too much of our " varnish ". For over three decades the 
present author has been protesting most energetically against the 

Mht technical translators as “varnish,'’ but they are incorrigible. 
Muldei dehned Inriim as including all substances which hiavo 
a shmiiig dry surlacc, when a solution of a solid binly in a fluid 
which latter when applied as a film evaporates, leaving behind a shin¬ 
ing elastic ilm-very apparently a false deliiiitioii which applies both to 
0111 own oil varnish and to the German I.ack and the French Fmiis 
and not at all to the German Finim, nor to our own boiled linseed oil’ 
nor to the Freiicli IhuH Fven German authorities themselves 
declare ^ery positively it would be far better to define their /-'iruiVve as 
aekaehtc.1 leuwl. In Germany this false delinition of J’'irni.w. Is so 
geneial that Weger rightly describes it (Firukfr) as a linseed oil, heated 
to a high tempeiuture and maintained thereat for some time l.ippert 
takes Leiml finiUse. to mean a linseed oil containing lead or inan- 
ganese. Jt has been a great drawback that both the Fnglish and 
hrench false rendering of the (icrinan F/rmW should be varnish and 
Fcrm., itspectively, and not rendered truly as boiled oil and Hmi, cute 
This false rendering has been the cause of a continuous flow of 
most ridiculous technical ultra-stupid errors in fact for several decades 
It has already fieen stated that linseed oil containing driers is termed 
boiled oil, which definition, be it well understood, is wholly and solely 
applicable to boiled linseed oil. There is no such thing on the market 
as a genuine sample of a boiled oil in a general sense other than 
linseed The purchaser of boiled oil invariably means boiled linseed 
ml . But this delinition is l egtirded by some authorities as incomplete. 
Weger defines it thus: boiled oil {Lcinol jirnUse) is a linseed oil 
prepared with oxygen, or substances containing oxygen, which dries 
in the air in a thin film in less than 24 hours. This definition was 
added to later on, and boiled oils were classified as (a) oxidised boiled 
oil, (6) iinoleate.boiled oil, and (c) rosinate boiled oil, by Lippert. 
In preparing boiled oil we are told that it varies in quality with the 
geographical source of the raw oil. Oil from Baltic seed is to be 
preferred to^ll others. A very good boiled oil is produced from the 
oil from Dutch and Morocco seed. Then follow (1) Indian, (2) S. 
Eussian, (3) North American, and finally (4) La Plata seed. ’ Both 
(a) soil and (b) climate influence the quality of the oil. A great 
value has lieen attached to old tanked linseed oil, i.e. oil that has been 
lUtouetf a long time, as being, in virtue of such storage, especially 
suitable for varnish-making. Numerous writers, including Wilson 
' , VOli. 1. 25 
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have prescribed that linseed oil for varnish-making should ha stora 
1 to 2 years. .. ^ ” 

Mulder gave the fallowing instructions for preparing a good boila 
Oil : r.inseed oil is boiled with 3 per cent, of red lead, with access o 
hour^-no temperature was presoribed-allowed to settle 
and filtered. To finish, the boiled oil so obtained was sun-bleached 
in lead-lined vessels, \a far as the chemistry of oil-boiling wai 
concerned, Mulder found that on heating linseed oil with lead oxides 
at water-bath tempemtur,., a certain amount of glycerine was split off 
and that the corresponding quantity of lead went into solution as leac 
linoleate. 

Sajmmficatum nf Linseed Oil hy Lead Oxide.—0. fl. Hall believes 
that during the action of lead oxide on linseed oil partial saiionifica- 
tion may occur, but that idea goes back beyond the memory of man, 
If litharge or red lead be mixed with linseed oil to form a paste the 
latter with access of air becomes thicker and can be drawn out between 
t m. fingers. The cause canndt be alone ascribed to the formation 
of Iinoleato of lead, which only dissolves in linseed oil in the cold with 
very great difficulty to separate out afterwards, J. B. Hannay treats 
tbs question differently. He found that during the heating of linseed 
oil with litharge to 170^ (1. (3,38” p.), he only obtained glycerine-free 
water. l<rom that he concluded that the lead oxide was distributed 
between the glycerine and the fatty acid, with formation of a plumbo- 
glycoric hnoleate with the following formula :~ 


CH.. 0 , Pb .0.00. C,,H„,, 

CH . 0 . Pb . (). (iO . OijH.,, 

CH. . 0 . Pb. 0.00 . Oj-Hj,, 

Pinally this lead glyceride plays an important role in .drying. 
Mail)- behove on very good grounds that oil-boiling consists in dissolv- 
ng a certain amount of lead or manganese in the oil, amongst others 
Dr. Habin of New York. 

The Degree of Heat Used in Oil-boiling.—"She necessity for oil- 

mi iolfi ‘hat oil heated to 

fO 0. (lo8 1.) for 8 hours dried better than oil heated to a high- 
emporature. Mulder denied it. He heated linseed oil in a retort 
vithout any acceleration of the drying power; he also heated a linseed' 
111 for I hour and then boiled it for ^ hour with a similar result How 
iver, he regarded the actual heating of linseed oil in oil-boiling as usefulv^ 
« by Its means his linoleic anhydride was prepared, which does not drtr 
ny further, and which in virtue of its rubber-like nature improves the 
him. It excludes air and volatile matter. It, however, is soft and ' 
does not cover well, therefore the paint does not set well. Weger 
asserted that the temperature of oil-boiling does not affect the^jA^ 
time of the oil, e.g. Weger heated a linseed oil for 3 hdura-w^^^ 
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per oent.^of red lead to 200° C. (392° P.). The oil took 3 days to 
dry l with an oxygen number of 14-0, whijst linseed oil prepared from 
soluble driers solely in the cold dried in* hour's. Be it well under¬ 
stood that 3 per osnt. litharge would have giveil quite different i-esults 
to 3 per cent of red lead. 

Friend thickened Baltic linseed oil by heating (a) to 200° C. 
(892° F.) lor 30 hours, (6) to about 300° C. (572° F.) for 3() hours, 
(c) to about 300° 0. for almut 42 hours without appreciable oxidation, 
with the result that (1) the coeflicient of expansion steadily fell, (2) 
the density and viscosity rose with the teraperature and length of 
treatment, (3) the molecular weight in iHiiizeno solution rose from 
740 for the raw oil to 760, 1000, and 1420 respectively. A thin film 
of linseed oil when exposed to oxidation loses very apiireoiable 
quantities of water, (!0.j, and organic vapours.' Maximum increase 
in weight merely coincides with a point of equilibrium at which 
the oxygen absorption ,counterl)alances the loss due to escaping 
.vapours, and there can be no ratio between the increase in weight. 
With a sample of pure Calcutta linseed oil during the various 
successive stages of oxidation the density of the oil gradually in¬ 
creased, the expansioti coefficient fell, there being an increase in 
volume up to the setting point of the oil, after which the linoxin 
[.vie] slowly contracted. The maximum increase in weight occuired 
after the oil had reached the setting jioint.- The expansion is depend¬ 
ent on tjfe increase in weight so that the addition of certain suhspinces 
to the oil which reduce the maxiimim increase in weight ))robahly by 
facilitating the eBca]X‘ of volatile substances also reduces the expansion. 
The contraction suffered by linoxin on prolonged exjjosuro to air 
explains the cracking of old paint. 

Effect of Boilhuj Linseed Oil at a Hii/h Temp(‘niliii'e,-- -Th(i boiling 
of linseed oil at a high temperature is prejudicial, and with lead-boiled 
dils colour and hardness are injured. But if a linseed oil bo heated 
without driers for 120 houi-s to 150° C. (302° F.), it is very long in 
drying, but very impervious afid lustrous. It leaves a dark film. 

•' Thick boiled oil is naturally difficult to apply in uniformly thin 
films. Fahrion applied three partially so-called polymerised [stc] 
lipseed oils on tin plates, left them 10 days in the air, and determined 
' Ihi aptoxidation products, viz. the oxyacids. 

' ‘ EFFECT OF PEBCENTAGE OF OXVACIIW IN LINSEED OIL ON 

BAPIDITY OF DBYING. 


Percent, osyacids, before . 

; „ „ after . 

- - -- - —- 


A. 

0-5 

30-G 


B. 

4*4 

S^O'8 


7‘fi 

16*4 


AcwWn.-J. 0. M. 


mwttewm iocrettse in weigl^ seem incompatible. 
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concluded that boiled oil dries the better the less oxyacids it 
contains. This conclusion is not, he states, free from risk of erroi*, as 
without doubt, in thd case of B and C, the films were thicker and 
therefore the process t?as not complete in 10 days. 

Lippert got for a stand oil with a steady rise, inner half 24 days, 
with oxygen number 9’6. To account for this low number he con¬ 
jectured that during drying depolymerisation [.«c] occurred. 

Weger obtained in a much shorter time, but with more slender 
films, still higher numbers, viz. 18 days for a stand oil, IM; for 
a thickened oil, 10'7. The maximum weight occurs at the time of 
drying. The drying point is not sharp and is difficult to ascertain. 
A remark of Genthe’s that linseed oil heated to 350° C. (672° P.) 
does not dry any more needs no contradiction. As Fahrioii points 
out, in actual practice there is no over-boiled oil. 

Does a Mucibujinom Oil Yield a Defective Boded Oil ?—Weger 
asserts that linseed oil mucilage in oil-boiling in nowise plays an 
important r61e, and mucilage-containing and mucilage-free oils gave,, 
on the large scale, no difference in drying; the latter dried sometimes 
better, sometimes worse. Weger collected the coagulated mucilage or 
“foots” from a large quantity of oil on a filter, and tried, with little 
success, to free it from oil by draining through porous tiles. It then 
formed a yellowish gelatinous transparent mass, which still left very 
good films on glass plates, and in 3^ to 44 days gave an oxygen 
number of ]2'8 to 14'7. It has been urged that a previously de- 
rnucilaginated oil is therefore not a desideratum, seeing raw oil is 
seldom used in oil-lwiiing, but is mostly bleached with fuller’s-earth 
or sulphuric acid. But that is not correct. Oil so prepared is used as 
a vehicle for white colours, and every one of sound common sense 
will agree that Wilson Neil acted on the moat sound principles 
conceivable when he freed linseed oil from mucilage by calcined 
magnesia, which if dearer than fuller’s-earth is a much superior re¬ 
agent for the purpose. 

Weger’s definition of boiled oil includes oil boiled without driers, 
but which has been treated with oxygen to produce previous oxida¬ 
tion. Hence linseed oil on blowing absorbs S, known weight of 
oxygen and passes into linoxin quicker >than raw oil. Prior to 
Mulder various opinions prevailed regarding previous oxidatidn. 
The oxygen of the air acted during oil-boiling by direct removal of 
the used-up vapours by the current of air (Webster). Against this 
Binks concluded to get a good boiled oil with 0 2 per cent. MoSO^. 
0'6 per cent. PbO should be warmed ^ hour at 60° C.,»and then a 
current of air blown thfough it, between 35 and 40° C., to thicken the 
oil and dissolve the drier. 

According to Mulder, partial oxidation of the oil during. 
boiling was due to the use of litharge. When red lead was used.ft;^ 
partial oxidation with formation of lead linoxate occurred, also 
air was excluded. Lead linoxate, writes Mulder, produces a h«cd^^ 
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ing of the film, whilst by heating linseed oil with litharge, with ex- 
olusion or air, lead linoleate is formed. Finally, Mulder imagined 
this was confirmed by the following experiment: oil boiled with 
2‘6 per cent. I’bO was mixed with 25 irer cent.jOf white lead, and the 
mixture, spread oh tin plate, exposed to the air. 

BJmrn Oil. —The exact time when linseed oil was first blown dur¬ 
ing oil-boiling is unknowui ((’,. Vincent, 1870). German literature is, as 
usual, probably in error historically when it states that blQwn oil came 
on the German market from England, and its uas as boiled oil directly 
recognised. But Weger denies it is boiled oil. He found that with 
cold oil blown for 25 hours the oil neither thickened nor dried 
quicker, it absoi bed little or no oxygen. On blowing the oil with the 
aid of heat the increase in weight in a thin layei' begins sooner, and 
is much more rapid towards the end than is the case with the raw 
oil. But the rapidity of drying is not aoceleiuted : thus if a linseed 
oil dries in 3 days with the oxygen number of 15'1, by blowing this 
oil on the large scale fjctween 130' to 140 C. (200 to 284" F.), it 
likewise dried in 3 days with the oxygen number of 14 0. Both 
samples were 3 years old. 

A raw Indian lins^ied oil dried in 0 days with the oxy gen number 
of 16-8; the same oil blown for 25 hours at 2.5(1 (1. (482" F.), and 
thus very viscous, dried in 61 days with the oxygen absorijtion 9-3 
per cent. 

Stcenhcrif s lleKean-heH to; flloini (HIk .—From these he concluded 
that the thicker the body of the oil the longer it took to dry. With 
the appearance of soluble driers, the blowing of lioiled oil was said to 
come into vogue, but only during part of the time. But oil-blowing 
W'as very general before soluble driers, possibly it was borrowed from 
the lubricating oil industry or the linoleum industry. It simply con¬ 
sisted in blowing the oil for 1 hour at 120“ to 150“ G. In an example 
given by Weger the temperature was lower. A linseed oil with 2^ 
per cent, of lead manganese rosinate added to it in the cold, dried in 

days with the same oxyges absorption. Again, Dunlop and Sherk 
have shown that the iodine number of a long blown lead-manganese * 
boiled oil had sunlf to 24'9. 

Ozonised Oil. —.\n energetic method of making a more rapidly 
drying oil is partly due to the action of oXygen. Linseed oil treated 
with ozonised »ir for 2 to 3 hours increases in thickness and assumes 
all the properties of boiled oil. Schrader and Dumoke tried a Wief 
ozonj^tion. The reaction proceeds when linseed oil is placed in flat 
basins, especially in sunlight, which, moreover, acts of itself. The oil 
bleaches, thickens, and dries quicker. Sherry converted non-drying 
oils by ozone, using platinum black as catalyst, into drying oils;, 
Pfannes’ electro boiled oil is prepared thus: A mixture of linseed ^ 
oil is converted by a strong agitator into a permanent emulsion, and'' 
.an efectric current passed through it simultaneously. The decom- 
i|| 0 «itioi> of the water generates ozone, whilst the linseed oil with in- 
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0 ^ 6 ^ temperature is so altered that it dries more mpidly the lo^i 
the above treatment lasts (see And6s, “Drying Oils’V Wmb 

K ozonised oils, the bulk o 

which came from England, contained Pb and Mn. Genthe made i 
senes of experments with a technically blown oil, free from lead aw 

w^rr V Ifv. oils 

which he himself had made in a manner not free from error. 

-fssmmy Boiled Oils. The Length of Time a Boiled Oil Takei 
to ®^--Thi8 naturally figures in its valuation. The maximum time 
has been given as 24 hours, but generally is not nearly so great. Yel 
the saying Aat a boiled oil is so much the better the quicker it dries is 

Th» ‘^‘■^''’8 ” “‘'o i'^o different things, 

ine diying test is used to estimate the time of drying. The 

8lass or tin plate, and the 
gradual hardening followed up with the fingers. The estimation of 
the oxygen number is done in a practical manner. It is the be-all 
and end-all as well as a refinement of the drying test. 

Method of Estimating the Percentage Increase in Weight of Boiled 
DiW Oil Darmj Dri/mj.-The increase in weight of theoil, due 
to the absorption of oxygen is estimated thus: .4 drop of boiled oil 
is spread by a clean brush, or by the fingers, or a dainty spatula, in a 

prfect y clean and completely dry glass plate. This is then pro- 

left w itself 

at about lo C. The film is tested from hour to hour, later on at 

is conTpSrd^ “d 

r^'^fs-Thick surface drying, which occurs 
mosti) with thick films, with a bog of undried oil underneath, fixes 
dust and on drying therewith causes discoloration. Closely allied to 
the time of diying are the properties of the dried film. A good boiled 
^ should yield a ustrous, transparent ^plid, but elastic film (with no 

ihflueLr'^’*^'^ withstanding atmospheric 

ja/nencc of Source of Baw Oif.-Linseed oil from Russian seed 
1 - dnes more free from tackiness than Indian and La Plata seed ! ■ 
*7 I^^<^^-hoaed Oils.-ln lead-boiled oils it is claimed^ 
.that the oil film is more of the nature of leather, whilst manganese- 

wrtain time, shows a very strong adhesion of the oil film. ^Generally, 

^e film tacky. Rosmate of lime renders it very hard. But both are"'' 
adulterants pure and simple of boiled oil. ™ 

_ The Personal Element in Testing BapidUy of Drying.—In testme!^ 
.fhempidity of drying with the fingers, the personal elLentint^£| 
^So that, under quite identical circumstances, different operatera.ij^M 
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quite different times of drying. The slightest pressure of a & feet 
■' ■ 3-inch giaftt may go much further than the heavy pressure of a bantami 
, Attempts have been made to eliminate this peftonai element. Ban- 
dow, instead of the fingers, used small strips paper at intervals of 
^ hour. When these can be removed without part of the film re¬ 
maining adherent thereto, the latter is di 7 . 

Testiw! the Elasticity nf a Dried Film 0 / Jtoiled Oil.—-To test the 
elasticity of the film, strips of drawing-paper were coated two or three 
times and well dried. Then the strips were folded twice backwards and 
forwards, covered with a glass plate, and the latter weighted for 24 
hours with 2 kilogrammes. The folds should then show no cracks. 
Steensdruf hung strips of paper in the boiled oil; the quicker these 
dried, the higher up they rose in the filter paper. That is very 
questionable, as drying does not depend on laldy alone, but also on 
specific gravity. The above methods are not adopted, and the finger¬ 
nail tests have the field to themselves. For one thing the filter paper 
test seems inherently ^rong, as every painter knows that raw oil 
penetrates the pores of wood very well, but boiled oil applied to 
, wood dries mostly on the surface. Why, therefore, should filter 
paper be more readily.penetrated by boiled oil than by raw oil? 

Effect of Hnrrotmdiwjs and Superincumbent Atmosphere oti Dryiny 
of Boiled Oil. —.\nother defect lies in the surrounding conditions. 
The assertion that a toiled oil dries in so many hours, or that a boiled 
oil dries 'quicker than another, is not necessarily correct. If an oil 
dries in*10 hours to-day, it may take 12 hours to-morrow, and next 
day 8 hours. In one situation A it may take 7 hours to dry, whilst 
the same day in situation B it may take !> hours, (lorrect figures 
can’only be got by tests on many different days, and when the time 
an oil takes to dry is given, great latitude has to be allowed. 

Two different toiled oils can only be correctly compared when they 
are toth applied at the same time with one another (see (’hevreuTs 
remarks). 

Normal Boiled Oil. —Weger used a standard toiled oil for com¬ 
parative testing. Such a normal boiled oil is prepared in a practical 
way with a knowi#weight of drier, using the newer driers, or a toiled 
oil must be selected, one which will not deposit any further, and 
which does not dry slowly. 

Ma}iyanese Rosinate. Standard Boiled Oils. —As drier, manganese 
rosinate is chosen as the best. It is dissolved in double or quadruple 
its \gpight of pure linseed oil at 150" V,. (302° P.). The solution is 
eventuallyifiltered, and then diluted to an Mn content of I'O per cent, 
and of this normal solntion 10 per cent, is added to raw linseed oil. 
But this linseed oil must itself always be of normal quality, and this 
condition Weger regards as still more difficult. ; 

Lead Manganese Rosinate Boiled Oils. —In the following table' 
shown bow the time of drying of the same boiled oil varies at differeinf 
It alep shows thpt the temperature at which the oil m billed 
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has 00 effect, and that with both soluble as well as with insoluble' 
driers. All- three boiled oils contained O'18 per cent. Pb'^and 0^)3 
Mn. A was preparedi in the cold with lead manganese rosinate, B 
with the same drier, Ijneated for 2 hours to 260° C. (500° F.), and C 
with litharge, and hydrated peroxide of manganese heated for 2 hours 
at 220’ C. (528° F.). The figures show time of di-ying in hours, and 
the three horizontal figums, the comparative results of the tests. 


COMI’AKATIVE tests with cold and hot- I'KEl’AKED MAK- 
OANESE nOSlNATE DItlEKS AND MANO.ANESE PEROXIDE 
ROILED OILS. (WEOEK.) 


SanipU'H. 

A. H. 

«... 

8} 4 

h . . . 

1} 45 

c . . . 

•''i ‘1-1 ’ 

(i ^ . . 

■..S, 7 

«... 

-■■>* 41 

7 (13 

t . . . 

(f . . . 

7 7.i 

h . . . 

8 7 

i . . . 

7 ' ^ 

.. . . 

_ _ -. 


Besides these rosinate-boiled oils, two oxide-boiled oils wpre pre¬ 
pared by heating linseed oil with hydrated peroxide of manganese. 
Drying tests gave:— 

DIUTNC. TESTS MADE ON FILMS OF LINSEED OIL ROILED WITH 
VARIOUS PROPORTIONS OF MANGANESE HYDROXIDE. (PER.) 



Per Cent. 

Per Cent. 

Per cent, of actual drier used 

J-10 

0*22 

Corresponding per cent, of Wu 

0-50 

0*10 

Working Mn content 

0'3i 

Hours. 

0*10 

Hours. 

Time of drying, a . 

4 


„ „ b ... . 

5 

51 

M „ C ... . 

4 A 

5 

,. „ (i . . . . 

4 

4 

M „ e ... . 

... 41 

5J 


The above results solve the second aspect of the case. With a 
certain Mn or Pb content the pace of the maximum drying capacity 
is reached. By further addition it remains constant. 

Chevreul makes the following statement in regard to the drying 
paint;—“There is this remarkable fact, that the resultant or%um,j^ 
ipf the activities, drying powers, of each of these substances enterfc, 
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iato the composition of paint, cannot be reckoned by the snm of the 
aetiviUes of each. Thus inire linseed oil, the activity drying power 
■of which is represented by 19ti5, and oil tretfted by manganese with 
an activity of 4719 will, when mixed, posses!|an activity of 30,828.” 

The following is a practical deduction from figures in following 
Table“ 

TABLE SHOWrNC THE INCHEASK fN WEKHIT ON DUVINO OF OIL 

Boiled with s i*eu cent, of lead manoanese uohinate. 




IV1 (V'Mt. 

1 0-0 

2 1-4 

• 4 f.-'.l 

A ; 10-1 

! l:)-s 

7 * 1 ,V’2 

s l(;-l 

• U j lll-I 

24 ; IIM 


Drier,s not only hasten the drying process, but the metallic oxide 
driers formerly in so much use decreased the oxygen number of 
the boiled oil to a much lower figure than that of the raw oil, some¬ 
times by as much as 100 per cent. That is not now the case with 
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rosinate and linoleate driers. The oxygen number of normal boiled 
oil lies within a range of 12 to 16, others have found higher figures,/ 
found 17'6, though the greater number of his figures are under. 
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Ifi.^ A typical example of the course which present-day boiled oib' 
undergo during the process of drying, is that afforded by a linseed hij, 
prepared by Weger, by treating the oil by 3 per cent, of lead mah- 
ganese rosinate “in thtTcold”. 

The graph (p. 393) shows an S-shaped curve, whilst during 
drying volatile matter escaped. The ascending line is almost 
straight. 

The following table by Lippert seems to show that during drying 
the film of boiled oil remains constant for a long time before a de¬ 
crease in weight sets in. It also shows that the thickness of the film 
may vary between 07 and 1'2 milligramme per sq. centimetre with¬ 
out the result being affected. 


■TABLE SHOWING STATIONARY POINT IN DRYING, AND HOW FAB 
FILMS MAY BE VARIED IN THICKNESS WITHOUT AFFECTING 
RESULTS. (LII’PBRT.) 


• 


'n. 

HI. 

IV. 

Thickness of film Mg per sq. cm.. 

0-GH 

1-24 

1-07 

1-08 

Oxygen number in IG hours. 

13-il 

l.SG 

13-2 

13-8 

„ „ 22. 

13-5 

m> 

130 

13-6 

„ „ 2 days . 

18-2 

12-7 

12-4 

12'J 


12-fi 

12-5 

12-0 

12-4 


12-1 

12-0 

— 

I2-0 

• • M 7 . 

111 

11-3 

— 

11-6 


10-8 

10‘4 

— 

clO-7 

„ Ill. 

G-‘J 

0-0 

— 

«-0 

„ „ 104 . 

G-8 

5-7 

— 

5-8 


TEST OF UOMPAR.ATIVE RAPIDITY OF DRYING OF LINSEED OIL 
(n) IN SUNLIGHT AND (6) IN SHADE. 


■ ! Ill Shatle. 

! 1 

In Sunlight. 

OxTsen absorption . 

• ! 1 <iay 

1-2 

1-9 


. 2 days 


18'8 


3 „ 

7-3 ' 

15*4 


4 „ 

U'l 

15-4. 


0 „ 

16-(! 

15-4 



16*9 

18-4 


• 1 » 

17-1 

. - 

»1 H 

. 1 ’18 „ 

10-4 

12-4 



According to Cloez, when light is caused to pass through coloured^ 
glass the extent of the oxidation vceries with t^ colour. The maxir* 
inum amount of oxidation takes place with colourless glass, but t^th' . 
d)ltte, red, green, or yellow, a longer time is required the nearer Ahei* 
colour approaches to yellow. yiS 

Cloez was the first to point ou| the great acceleration exertld^tts- 
^^e drying of oils by sunlight. He passed light through 
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and oolotttlws glass and found in the IWter case that ojiygen 
•bsorptioil occurred most quickly. Mulder confirmed the good effect 
of sufilight. In two of his experiments with Iftjseed oil his film was 
only 3 milligramme per sq. centimetre thick*and yet his results at 
the present day are too low. 

Mulder overlooked, above all things, the maximum absorption and 
Regarded the process as finished in 13 days. It is I'eadily understood 
that more volatile matter escaped in the sun¬ 
light than in the shade, and as Weger remarks, 
it is the combined action of light and heat. 

Day, therefore, has the advantage over night, 
and summer over winter. Weger found that 
it was best to start the drying test in the early 
morning. A test, at that time, gave him the 
result that a film in sunlight took one-half to 
one-third less time to dry than in the shade. 

According to Genthe tl?e great effect of light 
is established, and, in his opinion, the special 
uviol light hastens drying better than any 
drier. The result of two tests with a boiled oii, 
obtained by dissolving 1 per cent, of lead oleate in linseed oil, 
is shown in curve A, in diffused light in B, in darkness not shown. 
The boiled oil took 16 days to dry in the dark, and 8 days in the 
light. • 

Heaf exercises a very decided influence on the character of dry¬ 
ing I oxidation takes place more rapidly, whilst at the same time, 
the oil being more fluid, the oxidation is more thorough, the oxygen ’ 
penetmting the oil better and deeijer. 

Infltience of Temperature on Time of Drpinij.—The assertion that 
drying is accelerated at a higher temperature is generally correct. 
Paint and varnish dry more rapidly in summer than in winter. 
Chevreul found linseed oil at 25° to 28’ C. dried quicker than at 15° 
to 18° C. Mulder found in attest with linseed oil it took 3 days to 
dry with the oxygen number 0-2. The same oil in a parallel test on 
bin plate, heated dtlily to 80° C., dried in the same time, with the 
number 10‘9. According to Livacheia high temperature acts 
» energetically that so-called non-drying oils’are converted into dry¬ 
ing oils (!). Olive oil treated with litharge and ■ manganese borate, 
ind exposed to the air in a thin film, dried in 7 to 30 hours. Weger 
^ves t(jie following information regarding acceleration of drying at 
moreased temperatures:—Pure linseed oil which in winter, at the 
lormal teinperatuiJe, took 6 to 7 days to dry, dried in 3 to 4 days in 
lummer in a dark-drying oven at 50° C. in 12 hours, at 96° C. 1 hour, 
god.at 120° C, in 30 ftiinutes. The drying of a hydrated peroxide of, 
aiM^nese-boiled oil at summer temperature was 14 hours; at 96° 0.j 
iO'to'lO mingtes, and at 120“ C. 15 to 20 minutes. A litharge-boiled' 
in 9 hoore ; at J,^° C. in 20 minutes. A normal lead tttaml 




■ ganese rosinate-boiled oil dried in 10 hours; at 95“ C. in 45 minuteS? 
and at 120° C. in 15 to 20 minutes. ^ 

Effect of Atmospht'/Hc Moisture on Dryinij, —Mulder made no 
experiments, but madefseveral remarks thereanent to the effect that 
atmospheric moisture must exeit a great effect on the drying process. 
Weger did not regard this as completely proved. He placed glass 
slabs on which the same boiled oil was spread equally thick undef 
two glass bell jars; one of these contained a basin with water, the 
other a similar basin, but in neither case did they ta^e longer to dry 
—sopietimes the dtying was accelerated. No rule can be formulated. 
Lead and lead manganese-boiled oils dried more rapidly in moist air. 
The manganese-boiled oil, however, took longer to dry than in the 
capacity of a drier. Lippert tested the point, and Weger’s statement 
was not altogether confirmed. He laid the plates at one time in the 
summer air, at other times in a dessioator in added air, from which, 
by repeated treatment with H^SO^ and PjO-, every trace of moisture 
was removed. The oxygen numbers found were collected in a table 
from which we can only give the general results. Manganese oxide, 
borate, and rosinate-boiled oils set quicker and dried quicker in the 
drying room, and the drying was accelerated«the more the greater- 
the manganese content, maximum 0’4. Generally, drying in moist 
air was quicker the less the Mn content. The oxygen number rises 
in the drying oven up to 16, the poor in Mn (content is less than 0'05) 
boiled oil, in moist air, gives higher numbers than manganese-boiled 
oils rich in manganese. With lead-boiled oil, however, t^ie lead 
content of the boiled oil plays no part, and drying is affected but 
slightly by moist air. Only in two oases did the oil dry more rapidly 
than in moist air, and Lippert declares Weger’s opinion incorrect. A 
tendency towards improved drying appears to occur with lead-boiled 
oil. The oxygen numbers varied from 11 to 16 and dried as well in 
dry as in moist air. The dry air-dried coating dried very hard, but 
alter storing in moist air was very tacky. On taking the plates out ■ 
of the dessioator a peculiar smell made itself felt—those in moist air 
smelled rancid. In very moist air the coats ran into one another or 
collected together in the form of drops. ' 

Effect of the Drier on the Time of Dryimj. —Mulder on this point 
waged a great warfare. He gave many formulm much too high, 
others far too low'. Chevreul concluded that linseed oil should be 
boiled with 15 per cent, of metallic oxides, and Sinks desired to dis¬ 
solve 2 to 5 parts of lead linoleate in 1000 parts of oil. Mulder 
made no experiments on the point, but his boiled linseed oil with 
2'6 PbO did not dry quicker when he added a further quantity of 
litharge or red lead. From that he concluded that 3 per cent, of 
drier to linseed oil was quite sufficient. To solve these questions 
fff eger made two series of tests, using as driers a fused Mn rosinate 
with 2-5 soluble Mn and 50 per cent, free rosin, also a lead 
ganese rosinate with ii-10 soluble Pb and 35 per cent, free rwiiS^ 



... 

The driers were dissolved at 150° C. in double their weight o{ Imseed 
oU, and h-om this concentrated extract the right addition was made 
to a good old-tanked raw linseed oil. A knoWn quantity of the seo- 
cative content can be given, as the result (ollc^ws the increased rosin 
content or the amount of deposit which occurs. 


TABLE SHOWING TIME IN HOUKS TAKEN BY LINSEEO OIL TO 
DKY WHEN BOILED WITH DIFEBIHENT BKOBOlVnONS OP 
MANGANESE ROSINATE. (WEGEH.) 


Drier, per cent. 

J «•<)() 

II-O 

H-H3 


4’76 

3’HO 

1-6 

Manganese, per cent. 

0 4 2 

0*28 

0-21 

017 

012 

O’OH 

0-04 

Hours, a . 


8-25 ! 


K-.') 

9 

10-6 

About 12 

„ h . 

7 

7 1 

7 

7'2.'> 

7*5 

H-26 

„ 10 

11 ^ . . 

7-5 

7-5 ; 

7-5 

7-.'. 

7'6 

8-26 

10'6 

„ d . . . 


C-2.0 i 

Os') 

<V7.'> 

0'76 

H*6 

9-6 

„ e . 

9 

9 ; 

9 


9 

9-26 

U’26 

1. / . 

7 

(5*5 

7 

7 

7 

0 

7 

,1 ff • 


8 i 

i 


o-7r, 

7'0 

7-5 

About 8*6 


T.ABLE SHOWING TIME IN IIOLUS TAKEN BY LINSEED OIL TO 
DRY WHEN B(hLED WITH DIEFERENT I’ROI’ORTIONS OP 
M.ANGANESE LEAD ROSINATE. (WEGEB.) 


Drier, ixjr emit. . . . ' O OO 

4-7.'i 


2'6 

Ml 

Mangaoese, per cent. . . 0‘61 

0’:«i 

0*27 

0*18 

O'Oo 

Lead,^er cent. . . . j 0*11 

(HH 

O-Ofi 

0-U8 

0-02 

Hours, a . . . 2-76 

;{ 


4 

-- 

„ 6 . . . .a 

2-76 

:]-r, 

i-« 

6*76 

e . . . . ‘ A-A'i 

3*6 

1-6 

6*26 

U 

„ (2 . . . .if) 

6 

6*6 

r.*6 

8 

e 4 -6 

4*6 

6‘76 

About 8 

Over 8 

. • • • ‘^’75 

0 

7*6 

M 0 

„ 10 

, g ... . !>-r, 

7 

S'6 

10 

„ 10 

h . 

6-76 

i; 

«’76 

„ 10 

]] i . , , . 4-76 
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When using rosiniites it is iisidess to add to a linseed oil more, 
than -5 or 0 5 per aent. Pb + 01 per cent. Mn. The drying capacity 
of the oil will not be tncreased and a greater amount of foots will 
be deposited. Two further tables by Woger relating to fused 
manganous liaoleate are not reproduced, as Weger himself does not 
regard the results as satisfactory. But he states that there if# no 
use,,in utilising this drier, of having a greater manganese content 
in the boiled oil than 0-2 per cent. He regards 01 per cent, as a 
better maximum. The following table collates results of tests made ’ 
by Lippert. Their Mn content is less than half Weger’s maximum.; 
lippert prepared his own drier by precipitating an alkaline solutiod; 
of rosinate of soda by manganese acetate and dissolving the pr^''> 
cip&teln ether. For complete evaporation of the solvent a heat bii' 
KjBF C. was applied for an hour. The residue was a yellow powdj^. 
















contitipmg 4 per cent. Mn. The solution in linseed oii was heated 
•for a quarter of an hour at 150” C. (302’ F.). ^ 


THE EFFECT OF ALTERING THE PERCENTAGE OF DRIER AND ITS 
Mn CONTENT ON THE OXYGEN ABSORITION OF LINSEED OIL. 


: Per Ci-iit. Per Cent. 

Prier.! 5-2 3-« 

Mn.j 0-20 0-1.5 

Per Cent. 
1-6 

0-00 

Per Cent? 
0-6 

0-02 

Increase in weight after 12 hours | 0-.5 6-6 

..30 „ , l-l-O 14-4 

.1 „ 40 „ ; 14-0 ■' 14-4 

ti », 55 ,, ! Decrease Decrease i 

„ „ HO „ 1 - , _ 1 

1 

■ 4’9 

1 15-n 

15*7 i 
Decrease j 

2-1 

10-0 

10-0 

17-0 

Decrease 


From the above small content of drier if may be said the more 
drier used the quicker the drying, but the lower the oxygen absorp¬ 
tion. This assertion is not confirmed by J. Petroff, who tested three 
mangane.so rosinate-boiled oils with 0-130, 0176, and 0-220 per cent. 
Mn. The time of drying was 10, 12, 141 hoursl. However, he used 
in his drying tests a thickness of film of 3 to 4 milligrammes per sq. 
centimetre. 

Steenberg also obtained anomalous results due to the fact that 
he used the anomalous glass-plate method. The drying took much 
longer than in actual practice. As typical of his results, those ob¬ 
tained with a manganese-boiled oil contained 0-2 per cent, of Mn, as 
precipitated manganese linoleate made by himself. 0-9555 gramme 
boiled oil gave in 1 to 13 days the following oxygen absorptions - 
2-5, 11-8, 13-7, 13-9, 14 0, 14-5. 151, 15-5, 16-1, 16-6, 16 7, I 6 - 7 ’ 
16 7. These figures are shown in the accompanying graph:_ 







The following are additional results:— ^ . . 

Man^nese-boiled oil, made by dissolving manganese linoleate ii 
^lioseed oil at 160° C., Mn content »= O-IO to 0'95 per cent., drie< 
.Ijnioker the less Mn it contained. 01 per cent, was too low, but 0-01 
j[)er cent. Mn took longer still. ^ 

head-boiled Oil .—Prepared similarly to above. Pb content 0-21 
to 0’27 per cent., dried more quickly the more lead it contained 
feowever, 0’27 was the maximum limit. A boiled oil vsith 3-50 pe 
cent. Pb took longer to dry. 

E. Tauber, as the result of practical testa, found that coals o 
paint in the open air, whore excess of lead driers wore used, weri 
injured in hardness and dmubility. 

A photographic plate is blackened when near to drying *boilec 
oil (Schmidt). Paper steeped in boiled oil converts gum-arabii 
into an insoluble modifleation, as occurs with gum solutions 
when exposed to sunlight for three months. The action, at a dis 
tanoe, of boiled oil is*a sort of radiation; but neither the electro 


scope is affected nor the compass deviated. The permeability o! 
bodies for radiation differs greatly; colloid Ixalies are very permeable 
On sheet-zinc and shgot-lead oxides and peroxides are ohservwl; with 
radio-activity no such things occur. However, it follows from a ro' 
search by P. T. Brooks that during the drying process peroxides art 
produced, that the cause of the above phenomena is explained. Ht 
placed 01 gramme benzoic peroxide, acetyl peroxide, etc., on moisi 
filter fJaper, in a crystallising dish, and covered the latter with g 
photographic plate. In 20 to 4.5 minutes a clear print was to bt 
seen. Similarly peroxides were obtained from rosin and copal, and 
were made evident like the above, hut not from terpenes; only tht 
rosin acids gave an active portion. 

Effect of Age. on Ibe Jlapidili/ of Drying of Hailed Oil .—In actual 
practice it is firmly belicve.d that in this respect Isiiled oil improves 
the more the longer it is tanked. Weger does not confirm this 
opinion. He tested the tinje of drying of a large series of freshly 
boiled oils tor a period of four weeks, and repeated the same tests after 
a year and a hait. The time occupied in drying was partly the 
same, partly increased, and partly decreased. Weger later made 
tests from the aspect tW pure manganese-boiled oil, stored in open 
or closed tanl^s, remains constant in its drying capacity. Lead 
manganese-boiled oil remained constant under all circumstances, 
the slightly closed as well as the open, the slightly heated ag 
well as t^e cold prepared, the oxide-boiled oil as well as the 
rosinate-boiled oil. Similarly, the lead manganese-boiled oil dried 
as well Ss the lead-boiled oil. Lippert later disputed this, and 


found, moreover, that lead-boiled oils, stored with complete eX- 
-dusion of air, did not deteriorate in drying capacity. 

^,,^''j^mver8eiy, Weger often found that with manganese linoleafo 
borate the |ime of drying extended over 8 days fpf 
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complete hardening, that, moreover, such a boiled oil took over 12 
hours to dry in warm weather, and a week when quite? cold, in 
moist or wet weather ;• it dried well in 6 hours without separating 
any injurious residue. ^ 

Petroff found that a fresh manganese rosinate-boiled oil that took 
< 10 to 16i hours to dry, after three years took 20 to 37. But it must 
be remembered that Petroff used films 3 milligrammes per sq, 
centimetre thick. 

Effect of the Nature of the Drier on the Rapidity of Drying .— 
Weger experimented in this direction. He asked himself the ques¬ 
tion : Will O'lO per cent, of Mn in boiled oil, in the form of rosinate 
or linoleate, respectively, behave similarly ? Tests with boiled oils 
made accordingly spoke uniformly in favour of linoleates. A further 
series of tests with lead manganese rosinates and linoleates gave no 
decided difference. Genthe found with soluble driers that the lino¬ 
leate was 15 per cent, stronger than the rosinate. .\s the 3'esults of 
expei'iments, which the author regards as' absolutely unreliable, 
Thomas A. Davidson asserted 'that rosinate di'iers were better than 
linoleate driei’s. Tauber got better I’esults with manganese linoleate 
than with manganese boi’ate. Lippei't found that manganese-boiled 
oil often showed delay in setting. If alongside such a boiled oil a 
lead-boiled oil be applied it will dry much (niickei-. Steenberg con¬ 
firmed the favourable working of two metals. With three rosinate- 
boiled oils which contained 0'25 per cent. Ph and 0'05 per cent. Mn, 
and 0'23 per cent. Ph + O'O.fi Mn, tin; first dried in 13, the seCond in 
6, and the third in 2 days. 

Mulder, in viitue of his numerous researches, believed that, be¬ 
sides temperature and moisture, other unknown causes influence the 
drying. With identical weathei' conditions he obtained quite dif¬ 
ferent oxygen absoi-ptions, which could not all he ascribed to the 
moisture content of the air. He disputed the intervention of ozone 
in drying, and designated every unknown factor as peculiar atmos¬ 
pheric conditions. Weger writes in a s,'milar sti-ain. When one be¬ 
lieves drying to occur with all experimental conditions equal, also that 
the boiled oils are uniformly spread in equally tl ick layers several 
times repeated, and at the prescribed tempera,ture, light and moisture, 
yet we are in no way assui-ed that the same result will be obtained. 

Genthe found that the slightest impurity exerted an extraordinaxy 
effect on drying. He made two parallel tests with linseed oil, using the 
: same pipette: the second experiment always took longer than the first. 
The explanation is that the atmospheric air was conveyed „back to it 
each time a pipette, cleaned with chromic acid and dried, was used. 

Driers: .1. Detection of Solution Method. —To detect in a boiled 
oil the substances used as driers, Livache gives the following methods; 
A small quantity of the.oil is poured into a test tube and shaken with 
dilute sulphuric acid. A white precipitate becoming black o«f the j- 
addition of sulphuretted hydrogen indicates lead. If no preoijpita-. 



aad if the sulphuric aoid'Jjhoomes grlfeh. filaokenteg 

,by the addition of sulphuretted hydrogen, the oil contains hopper*.’ 
ooBipouUds. When sulphuric acid gives no precipitate, if the acid 
oe neutralised by ammonia on adding ammonhira sulphide, iron gives- 
a btek, manganese a flesh, and zinc a whhe-ooloured precipitate ■ 
fwther, in the case of zinc, the acid solution gives a wliite precipitate- 
With ammonia, soluble in excess. If, instead of using ammonia, we ' 
neutralise with carbonate of soda, iron yields a green precipitate 
blackening in the air, and the original solution liecomes blue on the 
addition of yejlow priissiate of potash; manganese gives a white 
precipitate blackening in the air. But her<^ Livacho takes it for 
granted that only single elementary substances an- added to linseed 
oil at a time, quite a gratuitous and erroneous assumption on his part.. 

B. Ignition Method ,— The bettor plan, is, however, to burn the- 
oil with the usual minute and scrupulously careful precautions ob¬ 
served in the ash determination of vegetable substances, and after 
weighing the residue on ignition to make a systematic qualitative 
and then a quantitativfe examination thereof. Zinc oxides and salts.- 
are, however, liable to become reduced and then volatilise and escape 
recognition. The methods given in books for the determination of * 
mineral substances in oils are quite unreliable, and none more so- 
than those of Benedikt. A sgstematic examination of the ash la¬ 
the only reliable method. Kach individual mineral element present- 
in the oil must he sejiarated out and quantitatively determined. It 
is most unscientific to estimate lime in the analysis of the ash of 
oil in Ae same way as is done in the case of marble; wo know 
beforehand that the marble is almost chemically pure carbonate of 
lime. As to the ash of an oil we know nothing whatever, and to 
proceed to its. analysis with preconceived notions by groping in the 
dark shows very bad training on the part of the analyst, whoever, 
he may be. *' 
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CHAPTER XV. 


DURABILITY OP PAINT. 


Linoxm .—The skin left on the drying of boiled linseed oil cannot be 
described as linoxin without great latitude. It contains (1) a known.- 
weight of metal, and (2) with rosinate boiled oils a known weight of 
rosin. The r61e of the metal content is to render the coating harder, 
and thus resist the abrasive action of reagents, sand, and the weather; 
elsewhere it has been pointed out how raw oil is added to boiled oil 
to render the coating more elastic. Rosin behaves so that a certain 
percentage has an injurious efiect, and the disintegration of the paint 
later is accelerated. The boiled oil is nearly always mixed with ini 
organic pigments. Some of these are quite inert, e.g. barium sulphaie; 
some, however, are basic and act on the boiled oil, which, if only pre¬ 
sent in small quantity, is saponified; amongst those white lead as 
demonstrated by Mulder. That boiled oil probably reacts during 
drying with zinc sulphide, an ingredient of lithopone—a white paint 
which also contains barium sulphate—has been shown recently by ’ 
Meister. Paints frequently contain turps, which has either be'on ust^ 
in the liquid driers or as a thinner. Paints also contain a deal of 
thickening ingredients, paraffin wax, Japan wax; above all things they;, 
are ground in stand oil. Mactear proposed to use strontium hydrate' 
.•and barium hydrate as alkaline earth thickeners. The desired pro¬ 
perties in a coat of paint are a certain amount of elasticity and a 
.oertain coherence, inert to gases and fluids. Owing to the variationst 
;in temperature it is apparent that the coated surface must necessarily 
lundergo contraction and expansion. Now the coefficient of expah- 
rsion of the under coat, the pigments and the linoxin, are quite differ!^ 


ent, and the difference must be.equalised by tb‘ elasticity of ti^*^ 
,linoxin. Finally, the pigments as used to make paint are in the 
‘cf a fine powder; the linoxin must not only bring the neoesa^k 
coherence but must be of such proportional compof ition as to 
^uately provide an efficient protective expansive coating or IftSfOTvi 
throughout the whole. 

i -These properties, Mulder claimed, were fulfilled by' 

Ilinoxin was born when it received the impulse given t<5 it 
flDutoh painters Hubert and Johan Van Eyck, who are so erronec|dfe 
icredited with being the first to use linse^ oil in painting.'^' 

I'^ovtrs dried duller in tone; finally they dried so qaioldyj||^^& 
^yers did not flow together; if it was desired to. form a 

(4D2) ‘ ' 




aq»ren( o^^'ue film, and upper correoting ooatS W8I8 

fc. I-, However, that was all changed when boiled oil appeared 
^ the aoene as a new ideal vehicle for painters' colours. It has a 
hei^n oonsiatenoy which the solid oil colours do not increase. It 
is^r^s well and dries so gently that further coats of paint can be ap¬ 
plied, but not all present-day experiments must therefore be regarded 
dWf» grano sah. Moreover, the nature of the pigment exerts an in- 
fldtinoe on the permeability of paint. Paints containing lamp-black and 
6oto, are, it is. asserted, generally permeable. Hed-leivd paints and 
w6ite-lead paints are said to be loss so, and zinc oxide still less. But 
such opinions conflict too much with others. Ordinary lamp-black' 
abounds in greasy tarry oils, and any test made therewith withouli 
oaloination is invalid. Ordinary ochre paint grates under the palette 
from the presence of hard particles of grit, and sharp hard particles 
of barytes (some paints look as if the makers had been trying to make 
a composition for razo^ strops or emery paper). White sharp, hard 
particles should not shine out of paint like jiartioles of mica from 
a micacious sandstone. Remove the tar, etc., from lamp-black by 
calcination. Put the yellow ochre through the 200 to 300 mesh sieve,( 
now being used in the U.S.A., and try the permeability of the paint' 
once more. But as Treumann had to acknowledge, there is no reliable 
test for permeability, as the same paint gives difl'erent results when 
several tests are made simultaneously. But the best test is the im* 
permeabfe waterproof garments, in which oxide boiled linseed oil is ' 
the sole ingredient, and the impermeable airproof and waterprool, 
berring-net buoys. The makers of these have to give linseed oil a 
fair, field. They only deviate from linseed oil to their cost and 
iheir sorrow.- If thoroughly dried linseed oil werd as pei'vious as' 
slumsy experimenters with no experience of th(! oil-waterproof gar- 
aent industry, and who ignore the waterproof nature of real good 
5 gnuine putty, would have us believe, then the linseed oil-waterproof 
garment industry would have been still-born or stifled at birth. 

Microseojiic Faults of Pahii Films .—It has been poibted out that- 
vhen a working painter gives several coats of paint to a glass plate,"' 
iults can still be i^en under the microscope, and when a coat appears 
(uite thick it becomes thin in the course of time, and then under the j 
t^nence of variations of temperature and unequal expansion, micro- 
sjppic hair cradks are to be seen. 

IPAe Supposed Permeability of Paint Films to Water. —C. P, 
concluded that the dried oii-skin was permeable to water. He'°, 
lisSmved W grammes of dextrin in a mixture of 40 c.c. water and^^t 
alooW, and spotted 80 me*of the above solution over 8everal,|| 
i^of a glass plate, dried it at 63° C., and then coated the plate r^-i; 
Sa^t^y with boiled oil, then the plate was placed in water foy 
^ 'fthe detetrin was uniformly flaky, a proof to the author thaSfj 
(liii^gpt at it.. But Dudley be^ the question that bq)led^ 
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linseed oil dries saiisfactorily on a coat of dextrin. When pigments 
were' mixed with the oil, the permeability decreased (Quite so; 
the contact of the oil with the unstable dextrin was ditUinished); 
not so quickly that thd new coat combined with the old one. Com¬ 
pletely dry films can pa wet with oil and new films formed. The 
paint coat is so elastic that the expansion and contraction of the 
undercoat follow as a necessary sequence. The films of paint are 
transparent, so that any single pigment in all its beauty and apparent 
harmony can come into play. Oil paints bring a new vivacity, and 
Mulder regarded linoxin as completely unattackable. He prepared 
paints so that boiled linseed oil (made with 2 to 3 per cent. PbO) was 
mixed with 5 per cent, of finely pulverised red-lead, and with 40 to 200 
of an indifferent powder, sand, pipe clay, clay, ironstone, ground 
pumice, etc. First he coated an iron plate on one side, and exposed 
it for a month to wind, water, rain, and sunshine. The uncoated side 
was covered with a thick layer of rust. On the coated side the coat 
adhered firmly and little rust could be observed. Mulder’s claims as 
regards linoxin are not accepted by interested’parties as demonstrated, 
and to-day other opinions are to some extent held. Treumann does 
not regard oil-skin as impervious, and holds Mulder responsible for 
the belief that it is impervious. During the drying of the under-surface 
of the coat of paint, it is softened by the vapour of water and carbonio 
acid, so that the coat of paint must be permeable to both carbonic acid 
and water. It is evident that the volatile products generated in the 
first stage of drying escape as gas, and the resulting pores are widened 
in the second stage. If these pores be only small they go dofvn right 
through the paint to the surface of the object on which the paint rests 
underneath. 

Treumann spread boiled oil and paints on glass, metal, or 
porcelain and left them to dry, then he placed the plates under water 
at the ordinary temperature. Sooner or later cracks or blisters were 
formed. The skin did not decay, but its adherence to the surface 
underneath was partially broken up. But in actual practice, except 
with anti-fouling compositions, paint ir. not generally exposed under 
water. Therefore, in Treumann’s researches conditions are brought 
into play which do not prevail in actual practisa. A pair of boots 
kept in a tank of water for a year would then be a very sorry pair of 
boots indeed. But does that detract from the value of leather in 
many of the 1001 uses to which it is put? No! Neither does the 
damage done to a dried linseed oil film by soaking it in water detract 
from its general use. It is curious that no attempt has been apparently 
made to test the behaviour towards water of a baked film of linseed 
oil, and it is forgotten that good putty is impervious, as hundreds of 
millions of windows testify. Nearly all experiments in which linseed 
oil turns out badly would, if traced to their source, be found to be 
dictated by those who want to market a linseed oil substitute, pr 
some pet composition, and who wish to prove that linseed <31 has 
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all the defects of their own products and none of their >good 
qualities. ^ 

It is asserted tliat when the least quantity ofii’ed lead is mixed with 
the least possible quantity of linseed oil, a coinpleUdy water-tight 
coating results. When the latter forms no ^oteotion against rust 
that must be attributable to other causes. W. Thomson believes that 
during the inter-working between the iron and the metal in the 
boiled oil a slight galvanic current ensues. M. Faubor also thinks 
that weak galvanic currents are the key to the foiauation of cracks in 
paint. The permeability of i)aint to water is attributed to the hygro¬ 
scopic nature of linoxin. Treumaun placed a completely oxidised 
air-dried and clean oil lilm on a watch glass, and the lattin- with a 
vessel partly filled with water under a hell jar. The increase in 
weight of the films in 4 to 8 days was 7 to 1/j per cent, and the water 
absorbed was ceded on exjxisuro to the aii’. These figures are very 
high, Mulder’s and Weger’s were much less. When Mulder boated 
dried linseed oil, or dried boiled oil to HO ’ C. (191* F.), the linoxin lost 
4 per cent, in weight. The plate left again in the air only gained 
. 1'2 percent. Mulder believed that the linoxin contained tin* condensed 
vapour. 

Liiinxin. —Weger jilaced well-dried oil-skins in a dessicator con¬ 
taining neither water nor ll.^Sd^. He found a difference up to 2'4 
per cent., but such differences in the moisture in the air do not 
occur in actual practice, and the effect of the moisture variation lies 
under k per cent. Doubtless, therefore, the assertion of W. .Jones 
that a boiled oil dry film absorbs water like a sponge is incorrect. 

The very excellent qualities of linoxin arc not everlasting. Like 
all organic substances it goes under later on. Light soon acts on it. 
Mulder found'a brown coloration of the inner half within a month. 
Under the action of direct sunlight the brown coloration is changed 
and the coloured portion of the oil affected. Above all it is the oxygen 
of the air which first dries the oil but does not, howevei-, leave the 
dried film unaltered. 

Action of SimlujIU on od-paint Films. —Toch found that paint 
' altered much under the action of light. White pigments turn yellow 
under the action ot the Fb and Mn present in the boiled oil, the zan- 
thophyll of the linseed oil is reduced to chlorophyll. In bright sun¬ 
light white colours are formed. According to Lippert a boiled oil 
dried in darkness becomes red-brown, in direct light the bleaching is 
. farther aooentuated. 

N6w let us point out the number of tests which should be made. 
For the sake ot argument, let it bq accepted that only thirty pigments 
have passed the dry test, and every one ot these thirty colours is to 
,, be ground in the five oils aforesaid, in three different proportions of 
oil and pigment, the mixed colours put on glass plates, and for each 
tliereinttst be five plates for the different experiments. The mixing of 
the oils with other mediums could.be very different, quantitative as 



ii»eiri6re,‘w9 will limit ourselves ito five different ljqO&, 

|bat we have four thousand five hundred tests. 

This does not exhaust the subject by any means, bebau8e'‘‘tb|i|' 
dolours could be mixi'd two or three together, and also tested 
out I shall not undertake to recount the possible number, bOoause'it; 
might strike terror into the hearts of my readers, and they wbulct ' 
doubt the possibility of such an undertaking. Although the solution 
of the problem in the foregoing is very complicated and time-robbing,; 
it could be solved nevertheless if a special laboratory were provided ^ 
for the purpose. ; 

The prepared pigment colours would be compared, and tten 
weighed. Comparison by observation would have to be made often 
in the beginning, to note the time of changes in each sample and tto 
apparent cause thereof. Only after several years, however, would it 
be possible to form definite conclusions and adopt rules governing the 
use of oil colours. This would be a costly experiment, but one that 
appears promising. ' • , 

More simple, perhaps, would be a direct use of the samples pre¬ 
pared. Apparently it would be enough to make about thirty painted 
panels and expose them. In a few years the/ could be compared, 
but this would be a waste of time, because it would be impossible to 
tell which part of the oil colour has had the most influence in chang- , 
:'ing the tone of the same. 

I 1. The permanency under exposure to light of pjgmpnts in 
powdered form is in many cases perfectly satisfactory; in others it 
depends on the mode of preparation. Several grades of quicksilver 
vermilion are entirely unfit, for the use of the decorator, because they 
assume a brownish tone very soon after exposure to sunlight. The 
so-called mountain cinnabar is the only durable pigment of th%t 
character. A few samples of cadmium yellow, deep and orange, frsiff 
jreliable firms, turned after a time from their original tone to that of 
pale ochre, , . J - 

2. The colours described in the foregoing paragraph, when groufiff 
in oil, resisted the action of light slightly longer, but the result wa#: 
comparatively the same. In these pigments, wlfen ground in oil, 
there are certain optical changes, brought about by the action of'tt|i'^ 
pigment and oil upon one another. When balsams or resins , s&ft 
added to these oil colours, the changes are delayed* much iqhg^, 
because the colours are protected from the action of light and auW>tW' 
1 effectually.* 


’ BxampU .—Gadminm yellow ooDtaicing a sulphur content is an unsanaq 
.pigment by reason of the fact that it cedes sulphur to oil owing to such ^ 
^IfSing, so to speak, loosely combined in the cadmium salt. Presence ofc 
Ih a simple linseed oil film (iinoxin) causes its . speedy dis^' 

:^dition of B^ect balsams and resins to such oil mixture (paint)« 
-.0,HABwaoit. ‘ ‘ 




podntraotiM 6f one aid ilj« lime ooloiw, gioind'^n ^teml 
6^J ']P^Ved,Q( different character; also the contraction of different 
W^ioirs in' "the same oil. The larger , the qtiantity of oil used the 
^^er is the contraction in drying, but it most not be concluded that 
dolours which require more oil than others alio show a greater con* 
traction; The great decrease in weight and in volume, which is vei^ 
much varied in the different colours, points to a greater or Iqsser 
energy in the chemical processes which occur in the colours. So, for 
instance, the volume of barytes ground in poppy-seed oil in two years 
decreases less than 3 per cent., while that of pure white load, ground 
^ Iwppy-seed oil .'decreases 18 per cent, in the same time, showing the 
great chemical action and affinity between white lead and oil. ; 

'4. The optical character of the colours is also dependent on the oil; 
each of the five oils enumerated is beat adapted for certain pigments, 
but a conclusive rule on this point needs the e.'tpendituro of much 
time and the making of manifold experiments. 

6. The colours of the future should have their exact composition 
on the label; such colour’s could be used in painting as well as for 
experimental trials. The colours as bought contain variable quantities 
of oil and other admixtures, and are not useful or safe for forming 
conclusions. 


6. Siccatives or driers hasten the chemical process in colours, but 
decrease the durability; {he use of these is often necessary, bn| 
they' should be employed with skill. 

7. in painting on canvas it is of great benefit to give the thin 
groundwork a good drying in sunlight, but a finished painting should 
not be exposed; the chemical processes should be retai-ded by adding 
balsams or solutions of resins, and the back of the canvas coated Wjth 

good varnish. 

8. The addition of resins and volatile oils is, on the whole, admis¬ 
sible and well founded, but it should be determined by previous test* 
that the colour does not become brittle by such arldition, and that, on 
l^bount of the rapid evapor^ion of the ethereal oils, the cohesion of 
the particles of colour is not decreased. 


'9. The numbe^ of colours used in painting should not be too 
Kmited, because in suolj case the demand of the present time could 
^t>be satisfied. But the number should not be unnecessarily in- 
Reused, bOcauje in such a case there would be too many new and 
I^DOwn chemical properties whose characters would not be under¬ 
stood. The opinion that it is possible to get along with seven colours,' 
IbdOBidse a}^ the colours of nature are composed of seven tonqs, 1* 
hnopeOus. The blending of the. natural strata and the creation c| 
Wd.'ibnes by mpdng of material particles follow different laws. 

& ' of Paint .—^The natural oils capable of drying to a Solid 

^K^.Iu^luble film do not do so at all rapidffy and occupy 

dg^gj during which the paint still remains tacky and reoois^ 
i^f the finger or thumb however lightly applied. .|lo^ 
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over, the soft paint is during all this time fixing all the jjaBsiug uust uu 
to its surface. As a matter of fact, painting in oils was iippossible 
until certain substances were discovered, which when added to the 
drying oil increase the drying of the paint. In distemper painting (with 
glue albumen and caseiil and the like) the coat of paint only drie% after 
all the water is evaporated. 

In inside coatings, white paint nearly always turns yellow, which 
in some oases is remedied by a little ultramarine, but such quick pro¬ 
cess patent white-lead paints as contain lead peroxide are altogether 
too dirty in shade to be toned down by any addition. ' 

Actum of Internal Organic Peroxides on Oil-paint Films. —Fahrion . 
believes that when linoxin is present in a hidden form it still contains 
active oxygen, and that it is from that active oxygen that the decay 
proceeds. The peroxide group acts spontaneously when, not long 
after it is fixed by the ketoxy group, the hydroxyl group so formed 
splits off water, diminishing the volume and thus forming cracks. 
This hastens the ultimate decay of the coat, and-, it is claimed, leads, as 
Eeid has shown, to the formation of water-soluble bodies by further 
oxidation. But of all that we have not one particle of positive proof, 
and much which flatly contradicts it in every way it is possible to 
conceive. 

Peltenhorfer's Method of liestoriwj Old Oil Paintings. —A short 
notice may be given here of Pettenkorfer’s method of restoring old 
paintings—oil paintings that have become stained. It consists in ex¬ 
posing them for a longer or shorter time to the vapour of alcohol. 

Effect of Pigments on Linseed Oil. —The oonstant3,'inoluding yield 
of ash, of raw linseed oil mixed with white lead in paste form showed 
no material change in 26 months. Storage in partially filled con¬ 
tainers for a year of raw linseed oil mixed with white lead and with 
white zinc in the proportions of paint ready for use, and exposure to 
air of films of such mixtures, resulted in sufficient combination of oil 
and pigment to cause the extracted oils to yield amounts of ash that 
were much larger than those obtained from the oils used to prepare 
the mixtures. Exposure to air of films of these pigments mixed with 
boiled linseed oil also caused appreciable combination of oil and pig¬ 
ment. When white lead and white zinc were mixed with linseed oil 
fatty acids considerable combination of pigment and fatty acids oc¬ 
curred. The amount of fatty anhydride combined as zinc soap was 
nearly four times as great as that combined as lead soap, the calcula¬ 
tions being based on the amounts of ash yielded by the ether extracts 
of the pigment—fatty acid mixtures and the ratios of the combined 
weights of zinc oxide and lead monoxide. The results as a whole 
indicate that white zinc combines with the free fatty acids of linseed 
"oil more readily than does white lead. Of the three pigments, white 
lead, white zinc, and china clay, the former showed the greatest ac¬ 
celerative effect on the oxidation of raw linseed oil in films composed 
sbf pigment and oil, while china clay had the least accelerative effect. 
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' When a mixture of raw linseed oil and ohina clay was kept in a parti¬ 
ally filled container for one year, the constants of the oil were materially 
changed, while raw linseed oil with chrome,yellow and with zinc 
yellow under the same conditions showed practically no change. In 
drying films, however, the accelerative effects M the two yellow pig¬ 
ments on the oxidation to the oil were much greater than that of china 
clay.—U.S. Bureau of Standards Technologic Paper No. 71. 

The permanency of pigments ground in varnish is discussed in 
Vol. Ill, pp. 437-9, also the reaction of solutions of resins on colour¬ 
ing principles especially from coal-tar. 

Here we look at another aspect of the question. 

Testing the Permanency of Dry Pigments Under the Action of 
Light and the Durability of the Paint Formed by such Pigments as 
have Stood the Test .—Pigments ground in oil arc' known as oil paints 
or simply paint. They are thinned with hydrocarhon oils, e.g. turps, 
or other volatile solvents, e.g. white R])irit or turpentines substitute, so 
that they can be spread»out into a more or less thin film with a brush. 
But the paint must not be thinned down so far for its binding vehicle 
to be attenuated too tar. This film, soft at lii-st, gradually hardens, and 
in the course of time loses, as it ages, its original toughness and elasticity. 
Then is the time when cracks begin to ajqiear on fixed painted surfaces, 
but on a painting on canvas rolled up for convenient handling when moved 
from one spot to another, cracks a])])ear on the iiainted canvas a few 
months after the painting is finished. The tint or tone of oil ])igmentg 
or painte changes rapidly, (lhanges in like pigments due to had wash¬ 
ing must not be ascribed to the pigment itself. The trained eye ac¬ 
customed to assess variations in tint will readily notice such a change 
in a few weeks, and within a year the change is very readily perceptible, 
however welPprepared and permanent the pigments used may be per 
se. As a whole, colours ground in oil are not permanent, and the 
painter must rest satisfied if after a reasonable lapse of time the 
change in tone has been only a slight once 

Paint Changes and Hardens from Two Different Causes: (!) 
The Oxzdisimj Action of the Atmosphere and (2) The Mutual Action 
of the Pigment an^ Oil .—The first and chief cause is well known, the 
second cause is undoubted. Some pigments retard drying of oil, 
others hasten it. But as the hardening of each of the various paints 
differs in itself, the cause of the difference must be sought for in the 
chemical action between pigment and oil. The weighing of glass 
slabs, covered with films of clifferent paints, has proved that in such 
paints there are changes in weight on drying and to very different 
extents. . 

' Testing the specific gravity and specific volume of these glass slabs 
by"weighing the slabs in air and under water there is a loss in volume 
although varying widely with different paints. These tests show that 
in drying out the film of paint loses its original elasticity, which loss 
is inoieased as the volume decreases, and therefore there must be^ a < 



ftiat the percentage oJ Joss is very large, iad it 
'ttost sensitive scales" and years of labour to find a loss of One-MtP^i 
i'per cent, in some paints, whilst in others the loss was a# feig^' 

It may take 20 yearr’ observation to find the exact time wl^ 
hardening process in a paint ceases. Molecular changes are alsQ;' 
possible which do not alter the volume but influence the elastiijity 
and so bring about scaling or cracking and “ chalking The mutual 
action of pigment and oil is most perceptible in the oil, yet the pigr 
ment also changes, and although it may not alter its chemical'char-',, 
acter yet the colour tone varies from the original. , ' 

The tone of colour is subject to alteration whenever a molecular _ 
change can take place; such changes of tone are most feared by 
painters. All coloured paints in their physical and chemical nature 
are materials which in time destroy themselves, and the only method 
to obtain the longest possible durability is to arrest this physical 
chemical process by suitable additions in thinning. Such apparent 
defects in paints might induce the painter to seek a remedy in other, 
vehicles or media. All experiments in that direction deserve the 
Sspecial appreciation of artists. But. oil paints possess such merits 
and optical properties that of necessity painters are as yet and will be 
for some time to come compelled to use oil, linseed oil more especially, 
and to add other materials to assist in drying (driers) and in spreading? 
^thinness. While oil cannot be done without as a medium and binders 
it is necessary to look for other materials to assist in giving oils 
greater stability. The changes which take place in paints are a special 
'■SRS8 of very complicated phenomena, whose explanation lies in the 
thorough study of the composition of oils and pigments and their 
mutual action on each other. But oil, let it be well understood, is pot 
' a body of definite chemical composition, and here is the stumbling.- 
block in experimenting with paints and oil painting. There is another 
>i#medy, namely, to critically examine the materials which have fO. 
!often proved themselves to be good. To make error impossible there 
should be a uniform method adopted for these tests. The colour m^ 
'adapted for the purposes of the painter should be obtained in the duty 
* state in powdered form and exposed in thin layers to moist strong 
light in dry and moist atmosphere, and the results closely observed 
find registered. To hasten the trials the powdered pigments should 
^^6 exposed to sunlight and to such gases as are preseht in roomt^ 
llhose pigments which have shown themselves light-proof ire- 
?i^8tent to gases should be separated from the others, ground np iia oU, 
^nd then tested in the same way, and also painted out to find t^fc^ 
drying cracks are perceptible with the aid of a magnifying 
^he paints so obtained should also be tested by adding 
^iblntions of resins, balSams, essential oils, etc., and observatit^^^^^ 
elasticity. In oil painting tiuree, drying oils are 



1,. idOwed^U. . 

Whlnut oil. , 

3. Poppy-seed oil. 

t;JBut two more should be tested:— 

4. Sunflower-seed oil. 

6. Hemp-seed oil. 

The first, sunflower, has the property of excellent transparency. 
The latter, hemp-seed, is valued in Russia on account of its highly 
;developed resisting power to sunlight and atmospheric influenoesw." 
Commercial hemp-seed has a greenish colour, but when expressed oold;^ 
‘j!*it is very light, and if filtered through charcoal is then colourless. 



CHAPTEE XVI, 


DRYING OILS OTHER THAN LINSEED OIL. 

1. Acacia Oil (White ),—This oil is described, in its proper place, 
as Eobinia or Locust-tree oil, a gigantic tree. It is not derived from 
an acacia.' 

Argemone Oil, from Argemone mexicana, of a yellow colour, inclined 
to orange, is specifically lighter than poppy-seed oil. It does not dry so 
■well as the latter. Its diminished density would appear to be due to 
the fact that it contains volatile fatty acids, acetic, butyric, and valeric, 
but Crossley and Le Seur failed to identify these in two genuine 
samples. This little-used oil is purgative in doses of 15 to 30 drops. 
Its taste is biting and its smell nauseous. These samples had the 
respective acid numbers of G’O and 83’9. The last sample therefore 
was completely soluble in absolute alcohol at GO’ P. The seeds of 
Argemone mexicana, called fico del inferno by the Spaniards, are 
said to be narcotic, especially if smoked w’th tobacco, and purgative. 
They are used in the West Indies as a substitute for ipecacuanha, 
and the juice is considered by the native doctors of India as a 
valuable remedy in ophthalmia, dropped into the eye and over the 
tarsus, also as a good application in cancers. It is purgative and 
diobstruent. The Brazilians administer the juice of this plant to 
persons or animals bitten by snakes, but, it would appear, without 
much success. 

Castor Oil ,—This oil has been so frequently described in the 
different treatises issued by the publishers of this volume that the 
author refrains from adding another de jcription to the number, the 
more so as it has nothing in common with drying oils, and the wider 
the berth the paint-grinder and varnish-maker gives^'t the better. The 
•oil is adequately described in Hurst’s “ Soaps,” Hurst’s “ Lubricating 
Oils,” “ Textile Soaps and Oils,” Andes’ “ Vegetable Oils,” Andes’ 
“ Drying Oils, Boiled Oil, and Solid and Liquid Driers ”. The action 
of nitrous acid and nitric acid are somewhat interesting and thus 
deserving of mention, the more so as they are included ii^, the 
stereotyped descriptions of castor oil. 

' Acacia Oil (i’alfoir).—This oil is not described here as it has no heus standi 
u^tber as an acacia oil or a drying oil; it is only a semi-drying oil, and is only 
mentioned here to point opt that neither is it derived from any acacia; moreover, 
further than that the two plants Bobina and Oamgna belong to the LegumenosQ 
they have nothing else in common. The so-called yellow acacia is derived from 
a shrub whose speoiSo name is Caragna.. 

( 412 ) 
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Actionof Nitrous Acid on Castor Oil .—Boudet termed this pslmiite, 
btit it is more generally known as reoinelaidin. When nitrons acid 
(or nitrite of mercury, as stated under the head olive ail) is made to 
act upon castor oil, it is converted into a soBd wax-like substance; 
but this change is much less rapid than that which ensues when olive 
oil is similarly treated; and it deserves notice that castor oil is the 
only one of the non-dryimj oils which is susceptible of this species of 
solidification. 

On adding nitrous acid to castor oil a yellow liquid is at first. 



formed, and the time required for its solidification varies with the 
quantity of acid employed; when about jV part of acid is used, it 
solidifies in 7 or 8 hours, and this, or somewhat less, is the best pro¬ 
portion. If too much acid be used, a third part, for instance, ora half, 
the temperature rises to 130° or 140° F., effervescence ensues, and the 
oil becomes opaque, and instead ef indurating, remains viscid. 

Becinelaidin thus obtained is yellow, but when purified by solution «- 
in boiling alcohol, it is white, of a waxy fracture, and requires a tem- 
j^rature of about 150° F. for its fusion. When kept for some months, 
it oo&iisionally acquires a resinous appearance, and presents an almost 
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Jr.is , 

further than that this tree belongs to the Euphorbiacea or 
SpUKge worts, the special literature gives little information as to its 
habits and mode of growth. It appears as if it onlyi attains a 
medium height in thd Moluccas, the country of its origin; in New 
Caledonia it seems to thrive much better, attaining as a matter of fact ■ 
a considerable development, reaching a height of 60 feet by a circum¬ 
ference at the base of 5 feet. Its growth is rapid, and it begins to 
bear fruit at the end of four years. The fruit is a fleshy drupe, generally 
formed from a single incompletely developed cell. The seed is en¬ 
closed in a hard shell, encrusted with a calcareous efflorescence when 
it falls to earth. It burns very regularly and gives off great heat 
and a very thick black smoke. The kernels are sometimes strung on 
thin bamboos and burned as natural candles, hence the name “ candle- 
nut tree ”. The nut weighs about 10 grammes. The oil extracted , 
from its kernels usually weighs between 6 and 7 grammes, and a tree 
may bear about 2000 nuts or 20,000 grammes, and as 1000 grammes 
equals 1 kilogramme, wo get 20 kilogrammes or 44 lb. of nuts as the 
produce of one tree. 

Extraction of Candle-nut Oil. —Field-Captain Champion de,- 
scribes the preparation of candle-nut oil in Ceylon. He says it was in 
1843 exported from Ceylon as kekmedic. The nuts are said to con¬ 
tain 50 per cent, or more of a sweet edible oil (Dymock, “ Mat. Med. 
West India,” 617). It is highly valued as an illuminant and said to 
be largely exported from Polynesia, and used in the candle trade of 
Europe. The most primitive process consists in exposing the nuts to 
the sun for some hours. The kernel loses its water, then becomes 
easily detached from the shell in a single mass, and at the first stroke 
of the hammer. The ground kernels are placed in small heaps on 
an inclined metallic plate, the whole is exposed to the sun, the oil 
exudes slowly, losing any water which it may still retain, and flows 
through the grooves of the plate into a collecting vessel. It is then 
filtered. The yield by this semi-barbarous process is poor, barely ex¬ 
ceeding 6 per cent. By cold pressure the amount may be raised to 
29 per cent., and by hot pressure it m&y reach 34 per cent. If the 
oilcakes be again treated the yield may be 66 per cent. The ex¬ 
planatory figures state that— 

100 kilos of nuts produce on an average 33 kilos of kernels. 

100 kilos of kernels produce 66 kilos of oil. 

100 kilos of nuts then give 22 kilos of oil. 

1000 kilos of nuts, or 1 ton, costs in Tahiti 
£6 and for freight 
£3 48 . , 

£9 4s. in all. 

But it is stated, on the other hand, that the kernels are sold at ^ 
£16 per ton, and 1000 kilos of kernels, or 1 ton, yield 660 kilosiof dtl 



_ 

6of oif costs £1C 1 to^ of oil ViB cost £§4, ot; 
lA.'owi., exolfiSmg the dost of ornsbing. . ’ . ■• 

(Stndje-nut tree nowhere occurs, plentifully, except in Malasia, 
(ri*if it be practically distributed throughout all India and Burma., 
is isaid to-be wild in the Wynaad as it is ab^indant there, but it is 


a native of India, and generally grows as a roadside or garden 
iosi^ near towns or villages. In Eastern India the fruits ripen 
aa June to August (Koxb., Kurz), but in Western India not until the i 


i season (Talbot). During the succeeding half-century the Indian 
p as a whole have from time to time urged the importance oi . 
tivating this tree, but with little or no effect. If, os already . 
ntioned, the tree exists here and there all over India, it nowhere 


urs in such abundance, it is pleaded, as to hope tor any immediate ' 
amerce in the oil. The oil does not appear to be expressed any- ' 
are in India, except in the Shan States. In some parts of Burma ' 
B usgd as a varnish for lacquer ware, but according to Sir George 
.tt, it is usually stated that for that purpose it shows no advantage 
r sesame or sarson (rape oil).. 

Properties of Candle-niit Oil .—The oil when crushed in the cold 
f a pale yellow with a pleasant odour, whilst hot crushed oil is' 
wn with a bad smell. It dries somewhat about the same time as 


eed oil. Like linseed oil its drying properties can bo improved 
“ boiling" with driers. It then yields a boiled oil with very 
ireoiablo drying properties. Various Paris firms have in this way 
fiine^ excellent results. Andes tested candle-nut oil as' to its 
lability for boiled oil and varnish-making. Small quantities of the 
de brovm oil were boiled with litharge, red lead, lead acetate, and. 
n^anese borate respectively. The lead-boiled oils were all very 
k in colour: At 140° C. (284° F.) the oil gave off bubbles. It was 
it at that heat only for a short time, the reason being, as explained 
And4s, that he was working on a very small amount of oil. The 
ed oil smelled like the raw oil, only somewhat more unpleasant. 
) manganese borate boiled oil did not alter in colour. The boiled 
dle-nut oils were said by And^s to dry 4 hours sooner than well- 
.ed. linseed oil! The boiled candle-nut oils dried at least 4 hours 


{reyhe boiled linseed oil, even the raw oil itself also dried more 
okiy than raw linseed oil. At 325° C. (617° F.) candle-nut oil 
Apff vapours'with a very strong unpleasant smell. After the oil had 
jkgppe partial destructive distillation and a loss of 20 per cent, 
te^mposition occurred, there resulted a thick soft mass as in the 
)e,)partial destructive distillation of linseed oil in Mulder’s milder ex- 
But the colour according to And4s was almost black, due 
w ptekence of much admixed impurity. In any case, no drying oil 
^hwted to 617° F., without showing change of colour. Similay 
triments were .performed with the white oil. Nearly, all the^ 
^j 1^, with lead were dark in colour, whilst the manganese-', 
off was onlv slisbtl v yellow. In the drying tests the pale 
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candle-nut oil showed the same advantage over linseed oil as the 
browh oil, .and dried some hours sooner. But when pale candle-nut 
oil was heated to 325° C. (635°, F.) it was found that after 20 per cent, 
had undergone partial destructive distillation, the oil bleached to a 
colourless' white syrup^, Andfis reports that the durability of earth- 
coloured paints or metallic oxide paints with candle-nut oil as a 
vehicle, gave the same results as were obtained with boiled linseed 
oil. But owing to the scarcity of candle-nut oil on -the market there 
is little hope of its use becoming general. 

L)e Negri examined candle-nut oil from seeds of Aleurites triloba 
(Hemsley) and of A. Moluccana, Wild, By extraction with solvents he 
obtained 62 per cent, of oil, but it did not dry as well as Chinese wood 
oil from Aleurites Fordii. 


TABLE SHOWING THE CONSTANTS OP (5ANDLE-NUT OIL. 
(DE NEC.KL) 



Oil Kitracted by 


Ktbc-r. 

Petroleum Spirit. 

Specibc gravity at IS" 0. 

0*920 

0-921 

Solidifyiug-point. 

~ 18 

Still fluid 

Melting-point of fatty acids 

20 to 21° C. 

— 

Saponification value. 

187*4 

184°9 

. Iodine value. 

13!»-3 

U2-7 

Refructomoter (Zeiss) .... 

_ 

75-5 to 76 


Samples of lumbangoil and nuts from the Philippines and Hawaii 
were examined at the Imperial Institute. The Philippine nuts con¬ 
tained 33 per cent, of oil and the latter 31 per cent. 


TABLE SHOWING THE CONSTANTS OF PHILIPPINE AND 
HAWAIIAN OIL. 



Philippine Oil. 

Hawaiian Oil. 

Specific gravity at 15*5° C. . . . 

0'9293 

0-927 

Refractive index at 20° C. 

1-4772 

1-4783 • 

Iodine value, Hanu’s test.... 

155-3 

161-6 

Saponification value .... 

192-1 

192-6 

Insoluble fatty acids per cent.. 

9-2-5 

92-47 

Unsaponifiable per cent. 

0-51 

0-83 


De Negri’s colour reactions were undecided. The constants tor , 
candle-nut oil are similar to those from wood oil and from a candle-nut 
oil examined by Laoh, probably a mixed oil from different varieties of 
Aleurites. When exposed to sunlight for 25 days in a sealed tul)e the 
above oils remained fluid, whilst expressed wood oil solidified-under the ' 
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same conditions. Wood oil extracted by solvents, according to Da 
'^egri, does not solidity under the action of sunlight, onlj- the 
expressed oil. The polymerised substance from the expressed oil 
melts at 32“ C., the iodine value falls from 159 to'154. When heated 
for 100 hours in the dark at 100“ C. it doe§ not change, but on 
<!Ooling remains liquid. Candle-nut oil extracted by carbon disulphide 
CSj similarly treated always remains fluid, whilst wood oil also ex¬ 
tracted by CS.^ solidilies. 

Fendler in 1903 examined the seeds of the candle-nut tree 
Aleurites Molucanna from the then German Canieroons. The kernels 
contained the usual normal percentage content of oil, viz. C4'-l per 
cent. The ether-extracted oil is yellow and has an acrid taste. Its 
specific gravity at 15° C. is 0-9254, its solidifying-point was - 15° C. 
Its saponification value was 194-8, iodine value 114-2. The Reichort- 
Meissl value was 1-2. The solidifying-point of the fatty acids was 
15 - 5 ° G. and their melting-point 18“ C. The iodine value is far too low 
for genuine candle-mit qil. And yet, according to Fendler, the oil dries 
quickly when spnaid in a thin layer and exposed to the atmosphere. 

Summary .—Henry A. Gardner gives an account of candle-nut oil, 
or, as ho terms it, Lumbang oil, in circular (No. 41) issued by the Mduca- 
itional Bureau of thefl’aint Manufacturers’ Association of the United 
States. This iiccotmt may well bo taken as the source of a brief 
■summary of our present knowledge. 

“ Lumbang oil is obtained from a tree {Aleurites Molitccana) allied 
to the ^ung tree {Aleurites Fordii), which is indigenous in Polynesia, 
and is now cultivated largely in parts of .Asia and in tropical islands 
such as Hawaii and the Philippines. The tree grows to a moderate 
height, i.o. 30 to 40 feet, and is covered with largo glossy leaves. It 
bears two crerps of nuts, which are enclosed in very thick, hard shells. 
The kernels are pale, and contain so much oil that they are used as 
a source of illumination, hence the name—‘ candle nuts ’. They have 
a pleasant taste somewhat resembling Brazil nuts, and yield an oil 
very similar to tung oil, except that it does not gelatinise on hps,ting. 
The oil has purgative propfirties. The pressed cake is useful as a 
fertiliser, and is used for this purpose by the natives, its price being 
SlOO per ton, whereas ground fish manure or tankage fetches only 
$25. At the present tifce the nuts are shelled by hand labour, no 
machine having yet been invented to do this in a satisfactory manner. 
The average weight of the nut is 11-7 grammes, percentage of shell 
67-9, and kernel 32-1, and content of oil 60 3 per cent. 

» 

PHYSICO-CHEMICAL ANALYSIS OP CANDLE-NUT OIL (GARDNER). 


Specific gravity.0*927 

Aoid number.1'3 

Saponification number.192*8 

* Iodine number.162*0 

Befiactive index.1*476 
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Phosphoric acid (P.0,) 

Soda ; • 

Potash (K,0) . . ' 

„ w.' PhiUppin^s.-A6o^2ig 

.anfcities of lumbang nut are aTL to ^tYuLt^etr; 

trmeTo““T'' "T Manila aSomM"' 

snoy of Chinese traders, but when these have obtained suffl, ient 
their needs collection ceases. It is diflicnit in nKf ' • ' 

since 1915 the Bureau of Agriculture have distributed 100 00& 

8. The trees already growing have, however been denSd 
m clearing the ground tor nnU,. r ’ 


«• in • .1 - ^ nave, nowever, bi 

r m clearing the ground for cultivation or for use in the ianu 

Tg teTu?aU?“‘lt t ^ ‘>-8 soft, it hYC 

reight charges for the unshelled material ” 
ordemoy tolls us that “ in Cochin-China, Indo-CISnese lacquer i e 

mi in to ^ used and not gurium 

J in the proportion of 2 parts of lacquer to 1 pak of wcL 

ixture 18 first exposed to the sun to give it the nLessarv fluiditv’ 
'eiyMiant vatnish. AooordiDK^ 

lublishedbythe'Eevue (joloniale’ of 19 May 1895 oana&to ^ 

SM analo^us properties to a quick-dr^ng oil of CWneS’ 

Lent ^ Cochin-China use to making'SS y, 

nens of wood varmshed with lacquer; jo%^ 1 







>P^iij<gan4, candle-nut dil are, it would ap^r' deposited 
ptigon Gl^a^er'of Commerce. Now the oil us^ ip China ior Ai^ 
j^qsoM fg extracted from the seed of a tree yrhich is po other thaii*' 
ua^iAlfhrites — A. cordata, Stend (Blaeococca verrucosa, A, Juss), that 
CWnese call Tong Tse Chou or Oil Tree,»ind the Japanese Wu ': 
l‘dng,‘ It is not therefore surprising that candle-nut oil from an allied 
i^ecies should have analogous drying properties and should be capable"' 
of being utilised in making these varnishes. Moreover, according to 
Lemarie (‘ Eev. Cult. Col.,’ 5 September, 1899), the Aleurites cordate^ 
jgrows wild in the forests of Tonkin. It is the Cay Trau or rather the 
Cay Dan Son of the Annamites. But the colonists of Tonkin confuse 
it with the A. Moluccana, under the name of candle-nut tree, a name 
"which only belongs to the latter species. Moreover, trau oil has many 
analogies with candle-nut oil. It is yellowish, viscous, combustible,! 
and much more quick drying. It is used with the lac after boilingf 
It is the.wood oil of the Anglo-Chinese market, and not to be confused; 
jvith gurjun balsam." « . 

The above statement by Cordemoy and the statement as to the 
drying properties of candle-nut oil by .Vndiis which would make it ou^ 

g be a better drying oil than wood oil, led the author to write to the 
ew authorities to see, inter alia, if they could explain how it came to 
pass’ that candle-nut oil was reported as a poor drying oil on the one 
hand, and as one of the best drying oils known on the other. The 
following extract contains fhat part of the Director’s reply which bears' 
on candle-nut oil;— 


Extract from a Letter to the Author from the Director of Kew ^ 
Gardens of 16 March, 1917. 

, “ On the subject of your difficulty in reconciling certain statements 
that have been made with regard to the properties of candle-nut oil. 
and the possibility of a confusion between Aleurites cordata and 
Moluccana, and in compliance with your request for data that may be 
aivailable for the purpose of Removing the difficulty, I beg to encloser 
a memorandum containing references to the more recent literature 
on the subject. Perhaps the difficulty you have experienced ia 
confined to the jfcssibility of a confusion between A. cordata and A1 
Moluccana, but may be aggravated by the confusion which has pre*’ 
yail^ between A. cordata and A. Fordii, the latter being the true 
soiirce of Chinese wood oil.” 

The greater part of the memorandum referred to here is repro: 
in the section dealing with wood oil. 
j|i5 The remarks in the memorandum relating more especially ^ 
c^p^lj^-nut oil are as follows:— 


“ Aleurites Triloba, ' Candle-nut 

I^In. a^dition to the'commercial products of India referred to,^ 
»oine pariiouljsirs together with, an 
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of the s^ds will be found in ‘Bulletin of the Imperial Institi 
No. % 1907, pp. 135-6 (John Murray, London); ‘ Pharmacograpl 
Indica,' by Dymoek, Warden, and Hooper, vol. iii., pp. 27! 
(Kegan Paul, Trench, Trubner k Co., Ltd., London, 1893); anc 
the ‘Agricultural News,’ Barbadoes, 6 October, 1906, p. 317 (Di 
& Co., 37 Soho Square, London).” 

Fimtumia Kicksia Africam Oil is obtained from the seeds of 
plant formerly known as Kicksia Afrwam, but now termed Funtu 
Elastica, a West African rubber-bearing tree, cultivated in Trini 
and other West India Islands. The seeds are very small, 
of them only weigh about 75 grammes. Hebert obtained 20 
cent, of oil, Rideal and Acland 31 to 33 per cent. The oil depc 
a solid stearine on standing—specific gravity at 15° C. (59° ! 
saponification No. 185; iodine No. 138: refractive index at 15' 
1'4788; the insoluble acids amount to 95'1 per cent. (Rideal 
Acland). 

Ilemp-seed Oil is expressed from the seed of the hemp p 
(Cannabis saliva), a plant belonging to the family of Urtkacece, 
nettle family, and from the fibres of wl 
cordage, ropes, etc., are spun. Then 
sometimes a difficulty in getting line 
al)solutely free from adulteration v 
hemp-seed oil. This is owing to the pi 
tico of growing linseed and hemp-seed 
mixed crops. The oilcake is used a 
feeding stuff tor cattle. In the U.f^.A. 
yield of hemp-seed is said to be 20 to 
bushels of seed to the acre. The pi 
requires to be harvested before becom 
ijuite ripe owing to liability to seed 
The fruit of the plant is nut-like in fo 
and comes on the market freed from 
outer capsule. It is of an oval shapf 
to '4 millimdtres long and 2 millime 
broad, somewhat drawn together in 
middle. The outer shell is brown 
greenish-brown in colour, thin and k 
with a smooth surface, composed of ' 
Fro. m.-cannabn saliva, sections, of which the outer is pale gre 
The source of fiemp-seed >sh, and the inner brown-green. The fr 
oil. like seed has a thin light green skiu, i 

fills the capsule completely. The seed 
a peculiar smell, a mild oily taste, and contains 30 to 35 per cent 
a pale limpid oil. 

The oil is obtained in the usual way by pressing the seed wRh 
without previous heating, or by extraction in the customary f^rfl 
apparatus. 
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The yield of oil is about 25 per cent, by expression or 30 to 32 per , 
cent, by extraction. , • 

Cold»pres8ure extmots of a thin pale green oil, warm pressure 
a dark thick oil. * 

The following figures give an idea of the composition of the seed;— 

TABLE SHOWING THE COIH'OSITION Op’ (1) GERMAN AND 
(i) RUSSIAN HEMP.SEEI). 


• 

(Icrmaii Ili'mj)- 
Seed. 

Kiihaian Hemp- 
Si'lmI. 

Organic matter. 

54-HO 

54-95 

Proteids (included in above) 

(IS-ilf,) 

(1500) 

Ash. 

H-i5 

4-.50 

Water. 

H-l)5 

9-13 

Oil .. 

:m>o 

31-42 


In Poland, Galicia, and Kussia large quantities are produced and 
used in the oil and varnish industries. In Kussia the best sorts are 
used as edible oils. • 

The principal application of the cold-pressed oil is in cooking and 
baking, and large quantities of warm-pressed oil are used for burning 
and in the manufacture ot soajj. 

The green soft soap of North Germany is a hemp-se(!d oil soft soap. 

The seed loses its germinating power very cjuickly, hence the stock 
of seed should bo one season old only. It is said Russia annually, 
produces half a million tons of henqj-secd. 

CHEMICAL AND PHYHICAL I'ROI’ERTIES OF HEMI’.SKEt) OIL. 



IX'iHitv at 
ir>^ 

• 

Solidili- 

fjitimi- 

SafKimli- 

<;.ation 

Iodine 

Mau- 

Oleore- 


[lOlIlt. 

ViihuN 


Test, 

'■f:. 

nietcr. 

Allen 

0-026.0-lwn 

Thick 





Benedikt . ^ . 

- [ 

at 

.— 

157-5 

— 

_ 

Oh&teau . 

0h9270 ) 

- 1.5" C. 

— 

— 

— 

_ 

De Negri and Pabris 

0-9280 ( 

solidifies 

192-H 

140-5 

95-99 

_ 

Pontenelle 

0-927G / 

at - 27^ C. 

— 

_ 

— 

_ 

Hiibl *. 

— 

— 

— 

143 

— 

_ 

Jean 

— 

— 

— 

— 


+ 80 

Massie 

0-9255 

— 


_ 

_ 

_ 

M^mon^ 

_ 

_ 

_ 

_ 

98 

_ 

Shnkoff 1 

— 

— 

192-194-9 

157-l«i 

— 

— 

Bouchere 

0-9255 

• _ 

— 

— 

— 


Valenta 

— 

— 

198-1 

— 

— 


Pahrion 

0-925 


190-5 

145-00 

— 


P. Ludwig, average of 11 samples, 14'J-4, 













Meltlsgo 

I^mt, 

1 

SoUdifi(4- 

tionogsint, 

• 

Mean ' 
Holeouiar 
Weight. 

Iodine Value. 

'4wty| 

Valm.? 

/ 

.Bgnedikt and Ulzer . 
De Negri and Pabris 
Morawski & Demski. 

) Hilbl.... 

17-19 

19 

14-16 

15 

280-3 

141 

122-126-2 

' 7*5.’-' 

't— 


■ The colour of freshly pressed hemp oil is greenish-yellow ;”tha 
extracted with carbon disulphide is brownish-yellow, while ethei 
extracted oil is an intense fresh green. The green colour of th 
‘freshly-pressed or ether-extracted oil leaves it after some time and th 
oil becomes brownish-yellow. The smell and taste are like thos 
of the seed. The flavour is described as disagreeable, the odour a 
mild. With regard to viscosity, at 15° C. the oil flows 9’6 time 
more slowly than water, and at 7'6° C. it flo /s 11'6 times. Hem 
oil dissolves in 30 parts of cold alcohol and is miscible in all prc 
portions with boiling alcohol, but the solubility in alcohol of any o; 
is a function and factor of the free fatty acid. Its solution in 12 part 
of boiling alcohol deposits stearine on cooling. One part of , the o: 
requires 2 parts of ether to dissolve it. The liquid fatty acids contai; 
a large proportion of linolic acid, and smaller quantities of linoleni 
and isolinolenic acids, also oleic acid. The elementary composition c 
hemp oil according to Mulder is— 

Carbon.TC-OS per cent. 

Hydrogen.11-36 „ 

Oxygen.12-60 „ 


The percentage of solid fatty acids in a hemp-seed-boiled oil sepai 
lie from the mixed fatty acids was found by Lidoff to be 4-8 per ceni 
luid hempolic acid would appear to be identical with linolic acic 
CjjHjjO,. Hazura gave in his first research the old formula, in hi 
second research CjjHjjOj, with the hexubromlinolenic acid, of mij 
177’ C., and the tetrabromhempolio acid, CijHjjBr^Oj, Lastlj 
systematic oxidation with EMnO^, shows that hempolic acid is not 
kimple body, it yields 4 per cent, of dioxystearic acid, 24 per cent, c 


sativio acid, and 2-5 per cent.,of linusic and isolinusic acid. Fltdi 
l.thempolio " acid in addition to linolic acid, 70 per centt contains olei 
fjtoid, CigHj^Oj, about 15 per cent., and linolenic acid, CjgHjgOj.' 

Mulder found palmitin and stearin. Lewkowitsch deniescu 
i]Sreseooe of the latter. The flash-point of hemp-seed oilds 276' .^ 
j_(fl27’ T".) (Bakusin). The dextro-rotary polarisation is O-l, '1' ' ij 

■A , There are a number of colour tests for hemp oil. On Seating Kul 
Soda lye (specific gravity 1-340) it gives a brownish-yello^harfl siSal 

g ' eoMw linseed oil gives a yellow but softer soap. .NWith sjjcto!^ 
d an mtense green coloratiim, similar to that obtaihed 
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TWj.Oi ft nurture of equal parts of strong sulphuno aoid, |q^ng ni^Ci 

anwwater* a green dolour is obtained which soon turns bladk, ahdS 
beoomee reddish-brown after 24 hours’ standing. Strong hydnsohlori^ 
acid turns’fresh hemp oil grass-green, and old^r oil yellowish-green. £ 
' The drying power of hemp oil has been stated to be as good as^ 
that of linseed oil. But it is far from being so. Weger in fact found its 
t66k 4 to 4-^ days to dry with the oxygen absorption of 13‘6 and 
^pectively'. Hemp-seed oil is, however, a useful raw oil for oil boil^ 
ing. Its green coloration can be bleached by fuller’s-earth. More^ 
over, it may be changed to a golden-yellow by long heating at 300° P.^i? 
when a goldentyellow stand oil is obtained. >, 

When mix^ with 2^ per cent, of powdered litharge and IJ peftf; 
«ent. of sugar of lead and heated, a very good boiled oil for painting pur-' 
poses results. Zinc white ground with this boiled oil and painted on'tint: 
dried in 12 hours. When the price of linseed oil is compared with thatn 
of hemp-seed oil, it will be seen that it the latter will give as satisfac-'l 
tory results in practice as linseed oil does, its use would he profitable.;*i 
Experiments in Boiling Hemp-seed Oil. —Hemp-seed oil was first,;! 
heated without the addition of driers. The temperature rose quickly^ 
to 200° C. (392° F.) without any scum forming on the surface, and with ij 
only slight formation of bubbles. Vapour with a faint, rather pleasant'^- 
odour then began to be evolved, and when 270° 0. (51H° F.) was reached^ 
there was no “ breaking ” or separation of mucilage as with linseed oiltil 
The tinf of the oil on cooling was, when seen in bulk, slightly darker;j^ 
and perhaps a little less transparent, but the smell did not differ from , 
Aat of the raw oil. By continued heating at 270° C. (618° F.) a very! 
unpleasant vapour was evolved. On cooling, a slight increase was ■ 
noticed in the viscosity, but the colour was only slightly darkened.^ 
Heated for 2 to 2^ hours at 300° C. (572° F.), a very thick-flowing^ 
golden-yellow “ stand ” oil of high transparency was obtained, whiohj 
resembled linseed “ stand " oil in smell. ® 

A fresh sample of hemp-seed oil was treated with litharge. 500^ 
grammes were taken, and ‘heated to 150° C. After 10 minutes at(S 
this temperature, 40 grammes of powdered litharge was stirred in^ 
little by little, fhe addition made the oil froth a good deal, but onlra 
a* slight scum was fortned. The colour altered to dirty greenis^^ 
dUkening little by little until the product finally became brown. j? 

jA. Lidoff examined two Russian hemp-seed boiled oils with the^ 
follbxring results:— . ’ 
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LidofP was astounded at the high iodine number of the fatty**' 
acids,“for in the literature Morawski and Demski’s figures are given 
as 122 to 125'7. These figures are much too low, being due t6 the pro¬ 
longed heating of the ^tty acids, Lidoifs figures for the two boiled 
oils for similar reactions, showing a relationship between the iodine . 
and oxidation figures, is excessive; then the Hehner value of 93'4, and 
the iodine number of 140 of boiled oil I. calculated for the fatty acids 
themselves, give the iodine numbei' of 149'9, which agrees well with 
that found by Ijidotf 149'J. The acidity of the boiled oil has increased 
one-fourth. The increase is due to the great heat utilised in oil-boiling, 
as Lidoff only found the small glycerine content. The glycerine 
therefore plays an important role during the drying process, as Lidoff 
found by two oxidation experiments with boiled oil II,, and the fatty 
acids contained therein. But the film was tar too thick. That the 
layer of free tatty acids absorbed more oxygen, but took much 
longer to dry than the glyceride,' is not surprising. Mulder obtained 
the same results with linseed oil. The acid value of the tatty acids 
submitted to the experiment (inner half 75 days, 153'4 to 163'2). 
Petrol! made two similar experiments but with much thicker coats, 
one with the raw oil, the other with the same hemp-seed oil blown 
and heated to 200° to 250° C, (= 392° to 482° i'.) for 4 hours. The 
oxygen absorption in both cases was 12 per cent., that of the inner 
half only 0'3 in 75 days. Petroff concludes that the blowing of hemp- 
seed oil is beneficial. These hemp-seed boiled oils took the following 
time to dry :— ^ 


Haw }ioinp-8eed oil. S days 

», ,, ,, witli '2 por oent. Mnll . . .25 hours 

M 2 JtnL . . . 25 „ 

Blown hemp seod oil,,, 2 ,, Muli . . . 20 ,, 

„ 2 „ Mill. . . .34 „ 


Boiled Hemp Oil. Specification for South Russian Foot Flys .— 
Boiled hemp oil must bo pure with no foots, without any bitter taste, 
and be unmixed with other cheap oils. It should not yield over 1 
per cent, of foots, (1) It should mix easily with pigments and flow 
easily with the brush, dry to the bottom surface in 24 hours, and not 
creep. (2) The specific gravity at 15° C. must be lietween 0’936 and 
0'955. (3) If it is agitated with strong sulphuric acid and does not 
take on a clear green colour but one of a reddish tinge, then there is 
certainly a mixture of tniin oil present. (4) If when mixed with 
ether it yields a dark red colour when poured on ultramarine, rape 
oil is present. (5) It must not contain a mixture of linseed oil* 
Horned Poppy Oil. —The oil of Glaucium flavnm is* present in 
the seed up to 30 per cent, of oil. “When extracted in the cold it is 
opale yellow, inodorous, insipid, its density is uncertain. Cloez gives- 
for two tests 0'913 and 0'92416. one of which, evidently the first, 
i must be a misprint. When hot expressed, this oil is darkej and 
smells more strongly. It dries very well and should be atilised aaij 
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an edible oil, and as an illuminant. As the plant springs up natur¬ 
ally on waste gravelly ground, on the seashore, and this batiks of 
streams^it has been thought to multiply it there and thus render 
barren land profitable, such as the shingfe of the lower Seine, 
This project was never executed. , 

Kaya Oil. —This oil is obtained in .Tapan from the seeds of Torreya 
nucifera S. et Z. {Ta.racc</’). Tlie plant grows wild in mountainous 
regions in several districts of Japan. The kaya seed is usually of a 
long oval shape with pointed ends. It is 1'5 to 2 5 centimetros long, 
and weighs on,an average 1 gramme. The testa has a brick-brown 
colour, and is very hard; the nucleus is pale yellow, covered with 
reddish-brown tegmen. A sample consisted of .‘!2 per cent, testa and 
68 per cent, nucleus. The analysis of the nucleus gave the following 
results;— 


" 

Ijocality. 

Moisturt*. 

Oil. 

Ash. 

Tokyo.... 

• 

.'■>•01 percent. 

51 *07 per cent. 

2-20 per cent. 

SMga .... 

ii'07 

51-70 

2'20 ,, 


The oil is prepared by steaming and jiressing ihi^ powdered seeds. 
About 13 per cent, by volume of the oil is obtained from the seed. 
For the examination of the oil, a cold drawn oil Irom the Tokyo seeds 
and twd commercial specimens from Miye and Tottori prefectures 
were flsod. The oil obtained by cold pressing is a light yellow liquid 
with a faint odour and mild taste. When cooled down even to — 20 
C. it gave no turbidity. The commercial oils are, yellow in colour, 
and have faint, resinous odour. Their taste is decidedly unpleasant. 
The Tottori oil was very turbid from the presence ol admixed im¬ 
purities. 

PHYSICO-CHEMICAL CONSTANTS OP KAYA OILS. 


Specific gravity oi» 15" C. 
Acid value . . A 

Saponification value 
Iodine value (Wijs). 
Hehner value *. 
Reichert-Meissl value 
Bebactive index at 20" C. 


• 1 

j 

'I'tikyi) Oil. 1 

. 

0-0288 : 


1'48 


18B’8fi 


142-21 


95-7 


0-93 


1-4770 


Ml} i'. oil. ] 'Tottori Oil. 


O-iTiilS j 0-!i244 
1-24 ! 12'CC 

1S8-34 i tH7'‘J5 

137-‘JO i 133-.37 


1-47GO 1 1-4757 


Kaya oil dissolves readily in. the common solvents; in Valenta’s 
test the cold-drawn oil gave turbidity at 62" C. By the elaidin t^ 
(at 16" C.) no solidification was observed after 2 hours, and at tw 
end of 24 hours only a small deposit of a buttery substance wai 
forftied. The mixed fatty acids obtained from the cold-drawn oi 
form a^le yellow liquid at the ordinary temperature; when cooled 







ety^Uline deposits were formed^ which ta)elted,iir^ t|e'QiIy..^rt:%i 
!B° The iollwing constants were deterjainedl; Speoifid 
tat 98° C.), 0'8669 ; nsntralisation'"value, 192'81; meaii^didljjpilM 
wight, 290'96; iodine value (Hubl), 149-45. When heatel ip a thi^ 
layer at 100° C. for 3, hours kaya oil dries to an elastic film. Th?| 
boiled oil prepared by heating the oil with manganese borate of 
rosinate, dries perfectly in 24 hours at the ordinary temperature. JBjt’ 
the hexabromide test no precipitate was obtained. The compositiop 
of kaya oil has not yet been fully ascertained. T. Kametaka obtained 
a tetrabromide of m.p. 114° C. by brominating the "mixed acids ip 
glacial acetic acid; so the presence of linolic acid should be taken 
as proved. Kaya oil belongs to the group of drying oils. Its dryipg; 
property is, however, much weaker than that of linseed oil, as might 
be expected from its iodine value. The cold drawn oil is used as 
an edible oil; commercial oils have sometimes a very unpleaseint 
resinous odour, and are utterly unfit for foodstuff. Besides for burn¬ 
ing, the oil is used in the manufacture of oil papers, as an insecticide, 
etc. It may be also used as a material in the manufacture of .paint* 
and varnish. >• 


Lallemantia Oil. —French, Huile de LalUmantia; German, Lai- 
lemantiadl. —Density at 20° to 21° C. 0'9336; solidifies at - 35° C.; 
Hehner value, 93'3; Eeiohert value, 1'55; saponification value, 185; 
iodine value, 162-1; melting-point of fatty acids, 22-2° C.; solidifica-, 
tion point of fatty acids, 11° C.; iodine value of fatty acids, 166'7.' 
This oil is extracted from the seeds of Lallemantia Iberica, Fisoh et 
M., a plant belonging to the Labiatce, growing wild in the Caucasus, 
and cultivated as a farm crop in Russia, near Kieff. Its iodine valu5 
is very high, thus ranking it amongst the first members of the drying; 
oils. Wood oil, however, surpasses it, although the drying properties 
of linseed oil would appear, according to Richter, to be inferior to il» 
Richter spread a little of the oil on a watch-glass, and after 9 days’ 
posnre it dried to a thick resinous coating. But the drying properties 
have possibly been overrated, and confirmatory results are neoessar^ 
By heating the oil to 150° C. (302° F.) lor 3 hours complete dryp^g 
iook.place after 24 hours. The oxygen absorption by Livaohe!fl^S|; 
was 15'8 per cent, after 24 hours, and for the mixed latty acids 14 
sent, after 8 da}rs. Ten grammes of the oil v'at 18° C. treated with 2i 
grammes of concentrated sulphuric acid gave an increase in tempera^ 
lure of 120° C. (248° F.) identical with a good linseed oil. . ' 

Madia OH is extracted from the seeds of Madia Saliva, a ChiliSiK 


[)lant introduced in the early decades of last century into the c^iohllnre; 
M ihe drier parts of Europe. Madia oil expressed with6ut.!heai^' 
»ansparent, yellow, odourless (Bindley), endowed with l^p^ulii^) 
jdonr, add fit for salads. Its cake is good for cattle. It produc^ 
ipdry climates as much oil per acre as poppy. In comrau^t^ 
with colzas as 32 to 28, linseed oil as 32 to 21, and bliyesfl^^ 
|b'tl6.‘ Tips oil dries very well and can^ compete 



b3^nitrou8‘’aoid, and forms with soda a hard colourless qp^lip- ’' 
•^^iffrSICAI, AND CHEMICAL CONSTANTS'OP MADIA OIL. 


Authority. 


. Hartwioh 
’ Bieglor 

Winkler . 


Density at 
lf>° 0. 

Solidilication- 

i 

Sapm^fi- 1 

Iodine 

MsumouA 

point. 

cation No.; 

No. 

Test, 

0-9285 

- 12 to - 15 

i 

192*8 1 

117-6.119-5 

95-99° 0. 

0-926-0-928 

— 

— 

— 

— 

_ 

- 22*5 

— 

- 

— 


(cold drawn) 




0-928C 

-10 to - 17 

— 1 




(by hot 
pressure) 




Solid-point. 

Mt'lting- 

I>uuit. 

lotlino 

No, 

i 

1 


2(»-22 

2.S.2t) 

120-7 

1 




Era. 106.—Longitudinal section of fruit of Zea-Mais ( x 6). 
nferioarp; n, remains of the stigma; fa, base of the fruit; eg, hard yeilown 
&rt of endosperm; ew, white softer portion of ondos^rm ; sc, scutolto 
,v!;^tyledon) of embryo; as, its apex; c, its epidermis; fc, plumule, w (te- 
,^'low), the main root; «;«, sheath covering mam root; w (alxivej, lateral ro&t- 
■ ^-l^inging from the first interaode of the stem, (After Sachs.) 

w}kaize '^l, Corn Oil.—The commercial prominence which malal 
ft and cake have gained during the past two dee^es has proved 
kdimgbfitanoe of this grain as a competitor of the oil seeds as S<»E 
I ttiQ otaraoteristics of its products were understood. Both the ol 
*d iMke hhve been subject to the prejudices which exist against al 
i^^jprodtd^ and they have been marketable only at prices 
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afforded a sufficient margin of saving, as compared with the older 
comm'oditios whoso field they invaded, to command the attention of 
buyers. , v • 

Maize oil has certain characteristic properties, however, that are , 
not at present made u?p of, at least, to the extent they might be. It 
forms a strong and elastic emulsion very quickly. It is very fluid, 
and remains clear, and that at a very low temperature. It does not 
give when chilled any precipitate until 0", when a few gelatinous 
strings separate. It is susceptible of refining to a handsome, almost 
water colour, much finer than can be done with linseed oil. Ran¬ 
cidity rarely or never gives trouble in ttiis oil, nor is the danger of 
spontaneous combustion (ignition) so great as in others. The taste 
and odour can bo largely removed, nor are they unpleasant in the 
crude oil, cons sting simply of an intense maize taste and odour. 

The crude oil, obvious without any test, would seem to indicate 
that there are great possibilities for a carefully refined product which 
would give it a 'prominent place among the„edible oils, and would 
possibly enable it to fin.l its way into industrial uses for which it has 
not thus tar been suggested, ft is less likely, apparently, to invade 
the domain of linseed oil than it is to compete with the semi-drying 
class to which it more distinctly belongs. 

As is generally known, the oil is now made wholly from the germ 
of the maize kernel, which is an otherwise valueless if not, indeed, 
detrimental constituent of the corn, in the manufacture of glucose, 
starch, and in alcohol distilling. This has proved an unfailing and 
cheap source of sup])l), and this, is said also to give to the cake a 
superiority over cake from see Is which yield a larger percentaje of 
husk or other exterior hull. Analysis of corn cake, the figures given 
being percentages:— 


TABLE GlVINtt COMPAUATIVE ANALYSIS OP JIAIZE, LINSEED, AND 
COTTON-SEED OILCAKES. 



^faize 

Oilcake. 

Linseed 

Oilcake. 

Cotton-seed 
OilcakA 

Moisture. 

fl'7.5 

0-10 

9-1 

Protein. 

21-70 

32-75 

45-0 

Pat. 

10-50 

10-50 

10-0 

Non*nitrogenous extract and fibre . 

54-68 

42-00 

29-0 

Ash. 

.S-37 

5-25 ’ 

6-4 


The Lager percentage of protein in cotton-seed oil cake iff the 
average of a series of analyses, the range of which was frotn 41 to 63 • 
per cent. A careful determinat on of the fertilising value of the dif- 
‘■ferent cakes has not been male. However, they serve to indicate 
that corn cake is, as it would seem necessarily to be when we con¬ 
sider that it is made wholly from the heart of the kernel, tb ledk 
formidable competitor of the oil seed product than is thg oil itself.' 
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Mdnihot Oil .—Manihot Glazowii oil is the product of a rubber¬ 
bearing tree, indigenous to arid regions of Brazil but oujtivafed in 
East an^ West Africa. The nut weighs about 0-6 gramme, about 
3 grammes, the shell or husk is hard. The seed contains 46'3 per 
cent, of kernel and 54’7 per cent, of shell. I^ut Fendler and Kuhn 
found’25 per cent, of kernel. The whole seed yielded 15'75 percent, 
of oil. On exposure to air in thin film this oil drie.s to a skin after a 
few weeks but the absorption of oxygen is not gri-at, amounting only 
to 8'8 in 7 days. Specific gravity at 15” ('., 0'y238 to 0’9258; m.p. 
below - 17° C,; saponification No., 188 () to 1891 ; iodine No., 136 
to 137refractive index at 15“ C., 1170. Fatty acids ; The oil con¬ 
tains 95T per cent, of insoluble fatty acids. Specific gravity at 25“ C., 
0'8984; solidification-point, 20-5“ ; in.])., 23-5“ (!.; neutralisation 

No., 197‘6; iodine No., 143'1. 

Nm-Sam .—Some seeds from the Calabar district of Southern 
Nigeria were examined by the lmi)erial Institute. No information 
was received as to the botanical source of the s(!uds, hut from in¬ 
quiries by the principal Forestry Ollicius, they are the ])roduct of 
Ricinode-ndrnn africanuni. The sample, consisted of about 3^ lb. of 
the "seeds, which were in fair condition on arrival. Th(‘y contain 
45‘2 per cent, of oi4 which dried in a day on exposure to air at the 
atmospheric tein]H^ratur(“, and left a wax-like residue. The oil has 
been examined chemically and found to resemble thing oil (Chinese 
wood oil) in composition. •The following table gives the results ob¬ 
tained in* the examination of the, oil from the Nsa-Sana seeds and also 


the t’uBg oil for comparison - 



Oil IriMfi 

Nsa Sfina Hn-tls. 

T’ung Oil. 

Specific gravity at 20” C. 

Saponification value. 

Iodine value, per cent. . . . 

Hehner value (percentage of •iiiBOluble 

fatty acids).. 

Titer test (solidifying-point of fatty acids) 
# 

i 0 -tlH20 

<)5*2 

35-7° C. 

to 0-iM2 
(at 15*5'’0.) 
11)0-107 
149-106 

9f>-3 

37‘1 to 87*2° 0. 


These results, and the behaviour of the oil on drying, seem to show 
that the oil fnJm Nsa-Sana seeds could be utilised as a substitute for 
tung oil; but technical trials would he necessary in order to de- 
ternaine this point. Tung oil is principally sold in the United States 
of America, but there is also a fair market in this country, whore it 
is used in the manufacture of lin^eum and also varnish-making. The 
price of tung oil in London at the date of report was from £32 to £38 
per ton. The Nsa-Sana oil could also be utilised for making soft 
and at present it would be worth from £18 to £20 per ton for 
this purpose. The value of the ^eds would be determined by the 



'^ounrof wl|fob they Odhtain »nd the price ,pbtoii)^a .,{p|/!i^ 
ffli'e gfe^g'flirere analysed, and the resrdte .showed'that the ^OJ^e'" 
]e{t after the extraction of the oil would possess a feeding'valh^i^ 
Jipximately equal to that of decorticated cotton-seed cake.* The ^esl 
Hvas examined for poisonous constituents, and indications’iof:th6’ 
j)resenoe of an alkaloid were observed. On this account, ani also, 
bwing to the nature of the oil which the seeds contain, it seems im¬ 
probable that the cake could be used as a qattle food, and very carefijl 
experiments as to its effects on animals would first have to be made 
before it could be recommended for this purpose. It could, however, 
be utilised as a manure, since it is rich in nitrogen. ' 

/ Manhetti NtU Oil {Nsa-Sana Oil). —This oil is said to be the pro^- 
duct of Bicinodendron Bhautanenii (Sohinz), belonging to the family 
qf Euphorbiacea or Sporge Worts, growing to a height of 40 to 60 
feet, and common in the South African veldt, indigenous to South-West 
Africa. But the same tree apparently grows in Central Africa, if we 
may take Southern Nigeria as part of the Central Division of Africa. 
At any rate the fruit of the Bicinodendron Bhautanenii is described 
as weighing about 10 grammes, and the seed about grammes. The 
kernel weighs about 10 per cent, of the whole fruit. It contains 51‘& 
per cent, of oil = 32'3 on the whole seed, or 615 per cent, oif the, 
•fruit. A later bulletin describes the fruits as ^ to 1 inch in diameter, 
and 1 inch to !■} inches in length, consisting of husks 13 per cent., 
’mesocarp 20 per cent., and nuts 67 per cent. The kernel of the nut 
formed 10 per cent, of the entire fruit. The kernels contained about 
4'1 per cent, of moisture and 57'2 per cent, of a bright yellow liquid' 
oil, giving the following numbers: specific gravity at 20° C; 0'9320; 
acid number, 1'9; saponification number, 191'5; iodine numbbr, 133'6j 
Its iodine number, insolubility in alcohol and solubility in light pe¬ 
troleum, point to the oil being semi-drying and not to its belonging to 
the castor-oil group. It is not particularly suited for paint-grinding or 
yaroish-making. It is used as an edible oil. The small proportion of 
kernel and the difficulty of extracting the oil debar as unprofitable 
the exportation of nuts to Europe. 

With regard to Manketti nuts, the latest information states that, 
ithese are obtained from a Euphorbiaceous tree (BicinodenMoft Badh_ 
fonehti), which grows on the South African veldt. It is a mbderatg;- 
■gked tree growing to a height of 15 to 25 feet, in some places fornix 
ipg extensive forests. The fruits are about I to 1 inch in dianafltef 
:^d, 1 to inches long, have a tough outer reddish-browtt^Hsk,,a 
pulpy brownish mesocarp, and a nut which amounts to "about 67, 
Sent, of the whole fruit. The shell of the nut is thick aarf wSp^ 
^hile the kernel, amounting to only 10 per cent, of the wh^le^^^ 
^’ oily and cream-coloured. The kernels yield 57’2 per oent^^ ^ 
Slight yellow oil, which has an iodine value of 133;6 and i| 

Jdyying oil. ' This could be used for soap-making and, p^^bly 
^ibte oil; but for naint and varnish nuiDOses. it trouldi aiitJliSS 
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together suitable. At the present time the kernels would fetch per¬ 
haps £20 per ton, but in ordinary times their value would,be Bearer' 

, £12 or iJ14. The nuts are extremely difficult to crack, and this, 
together with the small proportion of useful kernel and mesocarp,. is 
regarded as a barrier to their employment in preference to other oil 
seeds as long as the latter can be obtained at reasonable prices. 

Niger, Kersanee, or Ram-til Oil .—The “ Niger seed ’’ of African 
commerce, and the ram-til or Kersanee of Indian cultivators is the 
product of a plant belonging to the natural order of ComposUtg 
Giiizotia Oleifejra. The plant grows wild on the Gold Coast of 
Africa and is cultivated in .4by88inia and in many parts of India, 
especially Mysore and the Deccan. Here the seed is sown in July- 
August after the first heavy rains, the fields being simply ploughed and 
neither weeded nor manured. The seed is drilled in rows 11 to 13 
inches apart, and 4 to 6 lb. seed per acre is held sufficient. It is 
commonly grown alone but is sometimes accompanied by a pulse crop. 
When the crop is ripe it is out (3 months after the sowing) near the 
root and stacked for 8 3ays, and after being sun-dried for a few days, 
the seed is threshed out and separated from fragments of the plant 
by a-fan, the produce being about 2 bushels an acre, which seems a 
very poor yield. By .the common country mills only 25 per cent, of 
oil is got from the seed, but better appliances bring the average up to 
35 or even 40, but the seed dries quickly, and in Kngland yields only 
16 gallons of oil, while ra])«-seed yields 20 gallons. Thu oil is limpid, 
clear, pafe yellow or orange in colour, and sweet flavoured with a 
nutty tfftte, and is used as an edible oil by the poorer classes of India 
and commonly as a lamp oil. It is said to be useful in case of dislo¬ 
cated or fractured bones in cattle. Though much inferior to giugelly 
it is often used as a substitute for it ami to lululterate both gingelly 
and castor oil. The oil contains little stearic or palmitic acid, hence 
soap made from it though very white is soft. The cake is highly 
appreciated in some parts of the country, being much.esteemed as a 
food for milch cows. The seeds are crushed in Hull and Marseilles. ' 
It is used as a substitute fof linseed oil when the latter is dear, and 
also to adulterate rape, etc., oils. It is said by ,411en to dry rapidly 
at 100“ C. From its iodine number Niger-seed oil falls to be 
classed amongst the slow drying. However, it is said, owing to the 
scarcity and high price from time to time of linseed oil of late years, 
to he largely used as a linseed oil substitute. On this basis Meister 
made some experiments on its drying properties. He found it to 
dry liy itself in 8 days, but by adding driers in 16 to 20 houis. But 
the boiled ml was much darker than boiled linseed oil, and the dried 
surface remains tacky for a wholrf day. To some extent Niger-see^. 
oil closely resembles Soya bean oil, and is only used as a substitute ^oi"^ 
boiled linseed oil when the product is pale enough coloured. 

• For details of the extent of the dififerent areas under this crop in 
the j^viaees of India, so far as statistics are available, and the crop^ 
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/row ty Para Rubber Tm, Hevea Seed Ojl.- ^ ^ ^ „ 

Vitl» ^tro'enm ether tfie entire seed gives 20 pe’r ibenJtjof^^il.^-T^^ 
kernel .alone, which i^ about half the weight, of the seed. ^yeS i^S 
per cent. The total oil is distinguished from that pf the k^els ajonf^ 
tnainly by containing a solid tat with a high saponification humbtiaad 
low iodine value. The oil dries in the air to a pale transparent eoat, 
apd could be used as a substitute for linseed oil, especially now that 
Hevea is systematically cultivated for rubber. The ke^iel oil shoyrs the 
following constants: specific gravity at 15°C.,0'93; free acids reckoned 
as oleic, 5-4 per cent., acid number, 10'7; saponification number, 2O0-1’5 
iodine number, 12H-;i. A sample of oil from ground seeds gave 
65-6 per cent, of tree fatty acid reckoned as oleic. This large amount 
is due to a decom]X)sition of the neutral oil in the crushed seed by an 
enzj'me, and makes the meal useless as fodder. Nevertheless tb^ 
press-cakes from the kernels can be fed to cattle. Analysis of these 
press-cakes gave: Water, 13'3fi per cent.; ash, 5'19; fat, fi'OOl 
protein, 26-81; cellulose, 48-64. Hevea-seed oil is valued at about 
^20 per ton. It is not advisable to export the whole seeds, but the 
kernels, which are taxed at from £10 to £12 per ton, must be exported 
The press-cakes have about the same value as linseed press-cakes 
viz. from £5 Ifis. to £6 15s. per ton. 

Para Rubber Seed Kernels.—A sample of Ceylon kernels yielded 
48 per cent, of oil on extraction by solvents. A sample of the'extracted 
oil was found to give a high “acid value,” and this was seAl to be 
Hhe cause of the poor non-spreading qualities of paint prepared |fr6ni 
it. A high “ acid value " is given by oil from damaged or old kernelat 
My sound seeds should be used. If seeds are decorticated on rubbbi 
plantations, as they should be for export, they should be well sun- 
dried, to prevent moulds, which are likely to liberate free fatty aoidi 

from the oil. . ; 

Samples of the seed were distributed to various firms for tedhnica 
trial, and samples of the cake, after expressing the oil, were- seat t« 
the South-Eastern Agricultural College, Wye, for feeding trials. ’$u 
results of these trials may be summarised as follov^^• s 
1. Paint and Varnish Manufacture .—One of the principal uses B 
which the oil may be put is the manufacture of paints anAvamfe^ 
inoe it belongs to the class of oils known as drying oils and ol^| 
resembles linseed oil, for which it form's a go^ substitute ffli p 
above purposes. Manufacturers to whom the samples were s^^Jcl 
Inal state that, unless the oil is obtained at a fairly reasouabfeTO 
compared with linseed oil, it could -not compete wjth the Matter. 

. 2. Linoleum Manufacture.—Frwa several trials madr.ty'*' 
the general opinion was that it was not very suitaWeiOr i* 
anufaoture, and could not be used ks a^ substitptu 
' liieas the price was very loty. 





linnoir-en»ft6iiJ tsS^- 

it;^uti1 ia mltfe tb l^seeil pr cbHbn-seed oil for acti J- • ty 

Ce^UjWTM^Tlipre would be no diffloiiljj' in finding a auitab^ 
iktSut loV the 6il, not only as a substitute for linse^ Oil, whdn thp 
attei-high in* price, but also for purpost^i for which linseed oil, 
^'unsuitable; but in the pi-oblem of utilising the oil, oost of raw-^ 
nfiterial, and cost of manufacture of the oil and quantities available . 
ill''interveue. 

* By hydrogenation a new market may be found for oils of thil ty^e^ 

■g'.in candle-making or even for edible purposes. i * 

'Pdra Bubber-seed Cake: Cattle and Sheep Fee-ding 
?fie first consignment of cake from Rangoon used in feeding triais 
ras abnormal, as it contained about 18 per cent, of fat, whereas not 
lore than 6 to 9 per cent, would be normally present in the cake from 
fell-expressed seeds. In the second series of experiments a cake Of ., 
lore uPrmal composition was used. In the first trials, which wet« 
n a small scale only, t^io cake was fed to cows; moat of them ate th^ 
ake readily after it was moistened with water. (N.B .—It is dry and . 
owdery in the natural state.) No abnonnal results were ol)tained. 

■f Similar results were obtained in the case of sheep, which did nol ! 
ke jthe cake fed alene, but ate it mixed with other foods. In thes' 
sppnd series, tons of cake from kernels obtained from Ceylon weif 
sed. The cake used is stated to resemble a normal market produoi, 
nd to be comparable whh linseed cake used in England. The 
illojving results were obtained from these feeding trials:— 

• Sh^p .—A group of animals accustomed to trough feeding were 
sed, and’ the smallest admixture of ParA-seed cake in other con- 
mtrated food was detected by them and left uneaten, even when the 
itak.food supplied over a fortnight was reduced below the ratiotf 
dcessary for maintenance. All attempts at feeding sheep with the 
tie failed. 


Young Cattle .—These ate the cake readily, but when the quantity 
as increased to 8 lb. per head daily, scouring occurred, and eveil. 
IB. pet day with 56 lb. of fhangold produced slight laxative effects, 
'urther experiments confirmed these results, and the cake should n6t^ 
liirefore, he fed ^n larger quantities than this latter amount. The 
sef from two of these dattle, subsequently slaughtered, after having 


fed with ParA-seed cake at the rate of 6 lb. per day for 10 
eeta. Was reported upon very favourably. ^ 

Oowi .—Six barren cows were taken for this trial and were 
id'ivitn increasing quantities of ParA rubber-seed cake up to 14 lb. 
i tte eddrof a week, this being the only concentrated food given.' 

was observed in the excreta after continuing the trial for; 
The yield of milk rose, as the food was richer , than tfaiSp 
but the percentage of milk fat was unchanged. But|i|i4 
milk was normal. The oonclusion is drawn th^ 
^ely fed with, Par4-seed cake. 
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VuUAjrown Fattening Cattle,—The dairy cows used in the previous 
trial were fattened while in milk, the amount of cake fed being re¬ 
duced from 14 lb. to 8,1b. with the addition of 4 lb, of otljer cake. 
The cows remained healthy and gave a high milk yield, till they were 
intentionally dried off % month before sale for slaugWer. The increase 
per day in live weight over a period of 9 weeks was T? lb. per cow. 
From these experiments the cake appears to be an excellent fatten¬ 
ing food for cows, and its value as a cattle food has been proved. 

TABLE SHOWING THE CHEMICAL COMPOSITION OF THE CAKE 
USEIJ IN THE TWO TRIALS IN COMPARISON WITH LINSEED 
CAKE. 



< 'like 

F^ara*fleetl (.'ake 



(Ahnornial 

Sample). 

iNormal 

Sample.) 

Lmneeil Cake. 

Moisture. 

c-in 

' R-75 

11-6 

Crude proteins .... 

Consisting of— 


30-11) 

-29-6 

True proteins . . . . \ 

27-03 

24-8.7 

- ■ 

Other nitrogeneous substances / 

2-00 

5-34 

— 

Fat. 

i7-(;k 

8-71 

9-50 

Carbohydrates (starcli, etc.) . 

3.7-97 

41-71 

.35-54 

Fibre . 

4-82 

5-01 

9-10 

Ash. 

■1-1.9 , 

5-CO 

5-20 

Nutrient ratio. 


1-20 

, 1-20 

Food units. 

— 

130 

133 

• 


The close agreement between the normal cake and linseed cake is 
veiy marked. A small (juantity of cyanogenetic glucoside was present, 
yielding approximately 002 per cent, prussic acid—a negligible 
quantity. 

Per'dla Oil is crushed or extracted from the kernel or almond 
of the seed of a plant belonging to the Labiatu?, Ferilla Ocymoides, 
which grows in Japan, China, and India. The fresh oil is pale 
yellow in colour and tastes and smells like linseed oil. In a very old 
acid oil Meister found the colour to be very bro^yn and the smell 
fishy. The oil is used in Japan for the same purpose as wood and in 
the Himalayas as an edible oil. The acclimatisation of the plant in 
Europe has hitherto been impeded by the fact thqt»the oil is only 
exported to Europe in small quantities. In Japan the average annnal 
crop of perilla seed is approximately 1,000,000 ken (1,330,00Q, lb.). 
1,263,662 O.S. gallons of perilla oil worth !!f691,742, and 930,468, value. 
8486,894, were produced in Japan fh 1912 and 1913 respectively. • 





DRYING OILS OTHER THAN LINSEED OIL. 
PHYSICAL AND CHEMICAL CON.STANTS OF PERILLA OIL, 


« 

! 

UWrver.H: * 



! 


Tv-tiinmtMi. 


' Wijs. 

1 Mpi-'tpr. j 


Specidc gravity 

. o-irwi; i)=. 

' ! i 0-{)37 i 

'.ISO'S to OSl-Oft 

Refractive iodox 

. 

- i 1-47SO. 

l 'IS2‘J to I'lSflS 

Acid number . 

0-h 

: 4*3 

O'SKi „ 6-57 

Sapoui6cation namber 


' 193-1 1 

IHO'GT „ lOS'Rfl 

lodiue number 


liU-7 1 193-3 

IST'IS „ i!02'45 

Fatty acids— 

. , 

1 ' , 


Melting'point . 

- r> (\ 

- 4 ' C. 1 


Acid number . 

i:i7-T 

- 1!^7-1 , 


Mean molecular weight 


234 


Iodine number. 


193-0 , 



The iodine value ■'iYen by VVijs for I’erilhi oil ie the hij'hesl of any 
oil, the iodine value of which has hitherto been determined. Meister 
fouijd his low absorption both by the Wijs and the Waller method, 
and ascribes such low results as beine due to the a^e of his sample 
with an average Hehner number of 95, The calculated iodine numirer 
of the fatty acids in Wijs’ samiile should have been 217, and in 
Meister’s sample 205; thaf in both values lower than those calculated 
can he readily understood. 

In iiarmony with the lower iodine number is the fact that the 
melting-point of the mixed fatty acids is the lowest of any oil hitherto 
determined. It arises from an abnormal small content of saturated, 
i.e. solid, fatty acids. Fahrion not being satisfied with either Wijs or 
Meister’s figures, and having a small quantity of Perilla seed at his 
disixisal, extracted the oil with petroleum ether. The yield was 36 
per cent., which agreed very well with Wijs’ figures of 35'8. The 
seed was apparently |)retty old. The iodine number of the oil was 
only 192'4. The separated fatty acids wore completely fluid at 
summer temperature, but at 0’ C. some crystalline fatty aoid» 
separated. From the high iodine value of Perilla oil we would 
naturally look fof a moj-e rapid drying oil than linseed oil. On this 
point Weger gives oxygen absorption numbers of 18'3 and 20’9, 
and does not ^regard these figures as small. He found Perilla oil 
showed a sort of inertia on glass plates, and tended to run into drops 
like quicksilver, so that it is difficult to obtain a uniform surface. 
Meilter gives the following figures: A normal film in 6 to 8 days 
fnd a thin’film 0'5 mg. per sq. can. in 2 to 3 days, but not uniformly. 
Lately it has been stated that rapid heating to 250” C. complete^j; 
solidifies it. Thickened Perilla oil dries off uniformly, and when 
toiled dries more rapidly than a similarly boiled linseed oil, as 
shovfn in^the following table:— 






i' “BOItBlf PBBIliA OIL AS COMPAiffip WITH RAW 
v'-'^IjINSEED OIL. . . , r-' " 


■fimt of Drying, 
Honrs. .. 


Qtj^ 

Abwaptii*. 


Linseed oil, .. 

Perilla „ „ 0-8 mg. per eq. cm. 

„ „ „ .. 

heated to 250° C. ... 

* „ 1 hours to 250° C. . . 

” boiled oil, 3p er cent, of PbMnR die-l 
solved at C. . . • / 

Boiled linseed oil, 3 per cent. PbMnR dis-j 
solved at 150“ C. . . - • • ^ 


Perillaoil is obtained from “Perilla Nankinensis.” Two lots oP 
this seed were imported, and one lot of 66§ lb. on being pressed 
yielded 25 gallons of oil, which it was intended should be distnbuted 
among the members of the committee on testing paint vehicles pf the 
American Society for Testing Materials. The seed contam^ 38 per 
cent, of oil. Analyses of the press-cakes and oils are given bfflow 


Nitrogen . 
Phosphoric acid 
Soda NaijO 
Potash K.,0 


A Perilla oil lioiled with 5 per cent, of above driers dried rdadity' 
in 44 hours, whereas boiled linseed oil takes 6 hours. Prom the 
published figures the oxygen absorption of Perilla oil sinks during oil- 
boiling; according to Meister, the maximum oxygen “ 

pure Perilla oil averages 25 per cent. The oil heated to 270 C# hM 
been found to bleach pale yellow and does not darken in ootour; It 
bleaches very rapidly with fuller’s-earth. Thickened Persia 
used for the same purposes as thickened, linseed oil, and 
for, the manufacture of printing-ink vehicles. Perilla oil Will f(^ & 
yety good substitute fpr linseed oil whein it is available m 8Uital)le 

quantities on the market, and at a fair price., _ 

,Pom-md Oil.—Poppy-seed oil, so highly esteemed by arti% 
js obtained by crushing the seeds of the poppy (Popoef 
indigenous to the Eastern Mediterannean oountriek, biit cidtiy^ 
rtperally all over the world, partly for opium, partly for the oil W ttf 
4 ^. The chief producing countries are China, In4ia, P#r8^;.AM 
Minor, Egypt, Algeria. There are two varieties of the 

D.C., with white seeds, and Pnpaesr D.C., 

8 ^8. Levant seeds are white, grey, blue, or red. India^8^P^|« 

■islmoBt'always white. . >■_ . ' . 

1 'Goldtpressed poppj-seed oil has a mi|d, {Peasant sm^. 

the hroWh fruAdf^ bil£ bn tho ofhwfclilla^ 






f teste, a|d to smell recall* linse# 

S '^ott;pii ofHhe first pressure w mueh used as an^ ^iblS $11, 
as It'iS'—wme persons prefer it to olivl oil owing to to neu^i^' i 
A^m»er-or & admixture with olive oil. It is also used in pharmacy 
’•'ifi & iirepara^D of emulsions. Second passed oils are of a more • 

‘ or less dark brown colour, which hardly allows of their being utilise ^ 
^cT^ble oils. . However, it is possible by appropriate treatment tO 
l^ve them the yellow colour of first pressure oils. Germany imported, S': 
, prior to the war, 30,000 tons of poppy-seed ; her own production, it •' 
vv|w achndwle^ged, did not equal one-tenth of that amount. 




I’m. 107.—Black poppy-soed ; (a) 
natural size, (b) enlarged. 


Fio. 108.—White i»>ppy-eeed: (a) 
natural eize, (6) enlarged. ' 


•The white poppy yields the best oil, and is the seed used for 
medicinal purposes. The black poppy is the variety most extensively 
cultivated, aS an oil producer being the most profitable. The yield of 
t fatty' oil has been said to be about the same in both varieties, visf. 
sibout 60 per cent. According to Sacc the poppy-seed contains;— 

„ ■ TABLE SHOWING THE 1‘EECKNTAGE COMPOSITION OP POPPY; • 
.SEED. (SACC.) 


Oil . . 

Protein . ^ 
Aliramenoida 
‘Galluloso . 

' Ash . 


Prr Cent. 
64-61 


12-00 

6-00 

2to3 


TAjBLE SHOWING THE PERCENTAGE COMPOSITION OF POPPY- 
' J SEED. (LEATHER.) 

PwCetit.- 


-Nitj^en . 

AUatoenoid nitrogen 
JfolStiir* . - . . . 

■Oil,- f . » 
;Sandi .' 

6iii 




a-67‘ 

. ■■2-84'' 
. 4-00 

. 48-96 
. 2-97 

. *17-<S0' 

. 16-S9 
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The coijmercial yield of the seed when crashed oscillates between 
"36 and 40 per cent., and recording to Renard between 37 and 39 per 
cent, in the oil-crnshing'mills of Northern France. The oil i4 filtered* 
before marketing. Poppy-seed does not contain morphine as alleged. 

Extraction. —The ifoppy heads are opened after being partially 
dried, and their contents discharged on to an iron plate; they are 
then winnowed to remove fragments of the capsule, and afterwards 
ground to meal, which is packed in hags made of canvas and pressed, 
the oil being caught in tubs, where it is left to settle and thoroughly 
clarify. Two kinds of oil aie on the French market*; 1. The white 
salad oil, the oil from the first pressing of the best quality seeds. 
This very superior oil is also used in the manufacture of very high- 
class paints, such aS are used by artists. This oil is almost colourless, 
or of a very pale golden-yellow. 2. The second quality of poppy-seed 
oil is used as an edible oil, in paint, and for other technical purposes 
it is the i-esult of the second cold pressing. Likewise it is the result 
of pressing inferior seed. 11 By hot pressing a much inferior oil 
is got, only fit for soap-making. Poppy-seed oil is sometimes oh- 
itained by heating the seed, and mixing the products of two successive 
pressings. In Indii the first pressing is done cold and the second 
pressing is done hot, so that expressed oil is intended in India for use 
in industry, rather than as an edible oil. 

French Poppi/ Oils. —There are two chiqf classes of poppy oil used 
in France, that made from home-grown seed being termed oeillette, 
whilst that from imported sied is known as pavot. As the foimer is 
the more expensive, it is desirable to be able to differentiate between 
them ; and for this purpose \’uaflart gives the following; Density, 
oeillette oil, 0’924 to 0'960, pavot oil, 0'923; iodine value, 133T, 
132’3; saponification value, 192, 195; oleorefractometer index, 
2P’6, 25’3; butyrorefractometer index at 25° C. 72'5 to 73,71’5 to 72. 
There is a alight difference in flavour, the oeillette oil producing the 
impression of greater viscosity, though this is not borne out by the 
viscometer test. The greater thickness, .however, is manifested by . 
the capacity of forming a persistent froth when agitated, the fine air 
babbles remaining imprisoned in the oil and rendering it opaque; 
whereas pavot oil under the same treatment remains clear and the 
air babbles are larger. Frothing also occurs when air is blown 
through oeillette oil, but not with pavot oil. Oeillettq, oil, also, has 
a fine yellow colour, darker than that of pavot oil. The two may be 
equalised in this respect by treating the latter with a neutral chromate ' 
of potash and a trace of f uohsin. The artificial colouring^ however, 
^may be detected by the red coloration given with hydrochloric acid;„ 
Vd it is evident that a sample responding to this test, whilst re¬ 
sembling oeillette oil in colour, must be pavot oil, provided it ex- ■ 
Mbits the characteristics common to both. ^ 

The Drying Properties of Poppy-sted Oil .—Looking to^its fino- 
TSpio acid content, the rate of drying of poppy-seed oil is.not sora^ 
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as one would wish.. It takes 6 to 8 days to dry. Cloes (oufid iu his 
oxidation experiments with thick films that the oxygen ahsorptton of 
poppy-sM oil was the same as that of linse^ oil, viz. 7'0 per cent. 
Mnlder obtained a higher absorption than this for linseed oil. During 
his experiments on the plate, he reduced the tjn'ckness of the coating 
to 15 mg. per sq. cm. and the weight of the inqer half increased 12'2 
per cent, in 30 days. With two experiments in direct sunlight, with 
films of 3'2 to 4 2 mg. per sq. cm., ho only found 4 3 and 7’6 per 
cent., and these were maximum figures as there was no increase from 
the 3rd to the t5th day. The oxygen absorption of ix>ppy-8eed oil is 
natuiully smaller than that of linseed oil. Weger found l.'V4 in 6^ 
days. .T. Petroff made some experiments on the drying of poppy¬ 
seed boiled oil. lie dissolved 2 per cent. lespectively of (a) man¬ 
ganese rosinate and (b) manganese linoleate. in one experiment in 
the raw poppy-seed oil, and in tht' other, in poppy-seed oil blown for 
a long time between 200" and 250' (I. (.'102’ to 482’ F.), so as to obtain 
a very thick oil. lit found the oils took the following times to 


dry 

• Haw popp,\-seed oii.8 days 

,, ,, ,, with e per c.elit. MiiK . . . hourn 

., „ .. ., I'liO . . d'l „ 

Olown po]>py-seod oil, with 2 per cent. MiiU . . . H4 „ 

„ .2 „ llnl. . . . .SI „ 


The thickness of the film was 3 mg. per sq. cm., so the time of 
drying*was unduly long. 

The phenomena incidental to autoxidation are not nearly so 
strongly in evidence in the case of poppy-seed oil as in the case of 
linseed oil. This is home out hy the elementary composition of 
poppy-seed dil, given in the special literature on the subject. 



Autlioi. 

' CiirlM'D, 




j |»*i (Vnt. 

Out. 

per Cent. 

Sacc. 



■ 11 •« 

U-B 

Lefort 


77-2 ! 

Hi 

11-4 

ClO€K 


77-5 i 

iVi 

111 

Mulder . 

• 

Tii-t; 

U-2 

12'2 


L. -I ’. 

Completely Ury poppy-seed oil cedes to ether about 20 per cent., 
dried linseed oil 27 5 to 28-6 per cent., from which Mulder inferred 
tha^ poppy-seed oil contained more oleic acid, but this does not agree 
.with his subsequent calculationii, where he only estimates the oleic 
acid as 8 per cent, of the dried portion of poppy-seed oil which he 
identified with Unoxin. . ^ 

^ Hazura and Prussner obtained from 100 grammes of fluid pa- 
pavftTiO acid 8-5 grammes of dioxysteario acid, 18-5 grammes of' * 
saUvie acid,_ 6*3 gramme of linusic and isolinusic acid. However, 






altftwaiTdg nBflaturate^i 4)f fSorojvliWiffiik 


fABM SHOWING THSf toCENTAGB OOMPOSlflON OK fg® 
SATURATED PATTY ACIDS OP POPPY-S^ED OIL. * 


•y 

Per Cent 


^ ^ Oleic ecid . .• . . . . . . '. . 300) 

Llnoleio acid.. ‘' 6.5'dp i 

' Linolenic acid. ' , . SO) 


ibooo 

«t 


All the above data requires oontirmation, as well as Tolman 
Munson’s figures. Lately, some light has been thrown on the 
linolenio acid content of poppy-seed oil and linseed oil as established 
by Mulder by the fact which has been definitely established, viz. 
that poppy-seed oil has no hexabromide value. 

Behaviour of Poppyseed Oil on Storing with Access of AW.— 
Sherman and Falk exposed poppy-seed oil to the air in an open 
vessel protected from dust, and frequently shaken for several months. 
The following alteration in the constants took place 


TABLE SHOWING THE ALTERATION IN THE CHEMICAL AND 
■ PHYSICAL CONSTANTS OF POPPY-SEED OIL AFTER EXPOSURE 
TO AIR IN BULK. 





A( ill Va)«^. ' Value. 

1 ; 

BegiDning 


1 o-ni>3 

5 -s ' m-3 

End. 


1 0-930 

7-3 : 117-1' 


c, ■ The differences between the autoxidation, as shown by the specifie 
gravity^ and the iodine value of the oxidised substance are abnorniaUy 
small; , ' » V 

; Poppy-seed oil is stated by various authorities to beoomeSery 
rancid. According to Utz, however, it becomes less rSnoid tW^ 
sesame oil, and that, he asserts, is the reason that dll crusbws 
fjarly mix sesame oil with poppy-seed. Moreover, poppy-seed o^|a 
jaid to split up into fatty acid and glycerine very rwtdlljf. 

-longer found in expressed edible poppy-seed oil up to 6'6 per i 
[and in expressed technical oil up’to l8-8 per cent.; in pop' 

;,oakes, 8;7 to 6’8 per cent, of oil was found with an aoM ya 
; 86 to 140'4, - 'Without doubt these poppy-seed cakes had unl|« 
intern^ autoxidation. ^ , , <,** 

“Poppy-se^ pil .is often spoiled by sesame oil, the' aM 






|Site«^ is na offii^ metlW W 4le analysft ftf ^Jp^ppy-l^ oB^ W: 
a*!^la^Franoe. The tot. efibrt Should be,to detect any l^ifioW 
eo£»atiOti Vhiph m^i -react on thb reagents to be ^sed to det^ 
l^elgn olid by coloured. reactions, and ihor| partioulafly on those 
!'^.teeame>oih In the absence of such artificial colours or after tl»ej» 
'^mination, cotton-seed and sesame oils are detected by the usual 
^meftbds, i.e. by the Bellier and Yillavecchia tests, after {uayiouis 
'purifloaiion as advised by Marcelle and by Tocher for sesame oil^' 
Halphen's test for cotton and earth-nut by the detection, and if need be; 
the estimation, of arachidic acid. But some circumspection must be 
brohght to bear in the detection of sesame oil. The first signs should 
be controlled by the use in succession of the different coloured re¬ 
actions of sesame oil. The detection of sesame oil based on the 


determination of the iodine value is quite illusory. In the preced¬ 
ing. tables it will be seen that tbe iodine value of these oils varies 
between 131 and 140*with an average of 136, say a difference of’7 
units. The iodine value of sesame oil being 105 the substitution of 
100_ would produce a lowering of 31 units, say 0'31 for 1 per cent of 
sesame oil. It follows that in adding to a poppy oil, the iodine value 
of.which is 140, 25 per cent, of oil of sesame, its iodine value would 
be lowered to the normal figure of 133. Consequently a fraud of 25 
per cent, would escape the analyst. The detection of cotton-seed oil 
jgresent^ no difficulty, an'd the examination for earth-nut by tbe 
presei^e of arachidic acid is simplified by the fact that tests On 
poppy-seed oil give no arachidic acid. Linseed oil may be detect^, 
by the method given under walnut oil. I’oppy-seed oil yields no< 
inscffuble derivatives. 

Poppy-seed oil c^htains amongst its solid fatty acids both stearic 
and'palmitic acid, and according to Mulder both laurio and myristio- 
amds. .So as to prepare the solid fatty acids, Mulder kept the, 
alcoholic solution of the saturated fatty acids for a long time in the 
cold of winter, and found 13'7 per cent, separated out. On varibuf' 
grounds Mulder regarded fhis figure as far too low, and estimated tbe 


saturated fatty acids at 20 per cent. On fractional crystallisatioitt 
of the solid fatty acids from alcohol, myristic acid, wi^ 

a.melting-point of 63-2* C., is isolated, and lauric acid, CijH^^O.^, witk? 
&|pdtiDg-point of 46° C. Stearic acid is not found, but a smalT 
toount eff p&lmitio acid, with a melting-point of 62° C., is obtained, 
jtmit^hpme time. At the preseilt time it is believed that all ,tbd^‘ 
j||ttmted fatty acids consist of palmitic acid, and that it is present to 
jhe. extent of 6*7 per cent, as determined by Tolman and Mtinsoni,^ 
the Iodine values of the salts soluble in ether^ and insoluble 
j^eiSlu. iFlnfd ptfpaveric acid behaves^ according to Mulder, 
ii[,,^XtarC of oMle and lindleic acids, but unlike llnoleic a<ud''l|^ 
jbecomh in theair, The.dry distillation results of BOppM 
thofte of linsped oil,.aod the dislfillation, reeili^l 
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did not t^maia a thin fluid like the anhydride of linoleio acid. Lead 
papaferato diffused through ether, and when oxidised did not become 
red like lead linoxatesuch gave on analysis strong indioations of 
containing much less oxygen. Mulder explained that this was due 
to its containing mucl^ibasic lead linoxate, whilst only the basic lead 
linoleate is soluble in ether. 

Bakusin gives the flash-point of poppy-seed oil as 250° C. (482° F). 
Some sorts of poppy-seed oil are optically inactive whilst others are 
slightly dextro-rotary, up to -h 0'17°. Crossley and Le Soeur have 
given 4°, whilst Utz gives pure poppy-seed oil as optically inactive. 
Several authorities found iodine values between 130 and 140. 
Higher values of 140 to 160 were found by Utz, who asserts that the 
poppy-seed oil on the market contains as much as 40 per cent, of 
sesame oil. Utz. extracted Indian, Levantine, and German poppy¬ 
seed with petroleum ether, and found the iodine values of the oils so 
obtained to be 153’5, 157’5, and 156’9. Later on, he found two 
commercial oils which only gave a alight sesame reaction, w'ith 
iodine values between 150-6 and 151'G. Tolman and Munson for oil 
cold pressed from pure iwppy-sood found iodine values of 133-2 and 
134'9. For the inner iodine value they found 151'7, whilst Toutelli 
and Ruggeri found 149-6. As sesame oil has only an iodine value of 
103 to 112, it naturally lowers that of poppy-seed oil. Moreover, 
the refraction is also lowered. Poppy-seed oil has a refraction of 
78'1 to 78-4, whilst sesame oil is only 73 at 15° C. Finally, sesame 
oil is optically active. , 

The following table is due to \'uallard, from which he concludes 
that poppy-seed oil, pavot, and oeillette are about similar:— 


TAHr,E SHOWING THE CONSTANTS OF OEILLETTE AND PAVOT 
OILS. (VUAFLAIU).) 



OeilK'tte. 

Ptmiiy-.-wBii, 

P.-ivot. 


1 ‘i 

1 

2 

Deusitv at 15"'C. . 

. ’ 0’!)J4 

, 0 923 

0-928 

Iodine value .... 

. : 1:M°1 ~ 

1H2-3 

_ 

Saponification value 

192 — 

nil-5 

__ 

Oloorefractometer degree 

. ; - 

1 

25-3 



By applying Bellier and Villavecchia’s reagents to the samples 
of poppy-seed oil, the chief “ constants of -ivhich are given,” j^yer 
.remarks: “From experiments und^aken by himself in'extracting 
. Indian poppy-^ed and indigenous poppy-seed it follows that in no base 
db the products so prepared respond to the reactions of sesrae oil with, 
V Bellier and Villaveochia’s reagent. The same was the ease with oils 
extracted by the hydraulic press. However, oil extracted from lodiad 
.' seed vield^, with Bellier’s reactiom a very weak ereen cflloratitm. 
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Those oils, responding to the sesame oil reaction, all cafne froi^oil mills 
which were crushing sesame, or pavot, at the same time, which may 
lead one«to suppose that these samples werA not perfectly pure. If 
we admit that this phenomenon is due to these oils containing a trace 
of sesame oil owing to the two seeds bein(.^ crushed in oil mills 
orushing both seeds simultaneously, then the same reaotion ought to 
occur with .first crushed oil from the same <fil mills. Now the latter 
do not give any coloration. A decision on this point may, therefore, 
be suspended.” Royer also found that Bellier’s green colora¬ 
tion is only gii^n by Indian oils, second crushed country oeillette 
oils do not generally respond, and moreover, purified oils respond far 
more readily to the test. “ The tendency to yield the green coloration 
in oils loaded with impurities is masked by others.” This explana¬ 
tion, if prinui facif. satisfactory, does not show why first crushed oils, 
only slightly charged with impurities, do not give the green colour. 
Royer sums up his examination thus: Of the twenty-four samples 
of oil examined, ten rei^onded to Bellier's test by giving a.more or less 
accentuated hut very decided green coloration, five gave a greenish- 
yellow coloration, seven a yellow or orange coloration, and two anon- 
desdript colour. If these two be calculated as giving a green colora¬ 
tion on refining, w* get a total of twelve samples, 60 per cent., 
responding to the sesame oil test, 20 per cent, doubtful, and .30 per 
cent, behaving normally with Villavecchia’s and Fabris’ reaction. 
Sixteen samples, say Cfi per cent., gave a rose or red reaction. Thus 
the use of Bellier’s reagent to detect sesame oil seems more reliable 
than tfiat of Villavecchia and Faln is. It cannot fail to he observed 
that out of fourteen samjiles of indigenous oils, eight did not in any 
way respond to either of these rtnigents or gave a weak response to 
the Villavecchia and Fabris test, but unconfirmed by Bellier's reagent 
(No. 1), or conversely the more decided response to this test as 
regards 4 and 6 is decidedly not confirmed by the Bellier test. 
There are, therefore, eleven oils which present themselves normally, 
or almost normal, as of the two exceptions one oil is a chemically 
treated oil No. 1, one the sfliomaly of which is indicated by a brown 
coloration, with the Bellier test No. 2, another purified by a secret 
process, all of wjjich leads to the belief that these tests may be utilised 
for the examination of oountry oeillette oil. 


, . I’OPPy-SEED DIL. FATTY ACIDS. 


1 

■ 

au<l riz<fr. 

N«gri 
and FaljTJS. 


ThwjuT. 


• 




Melting-point, ° C.' . 


20-21 

20'6 

20*6 

,Solidification-point. 

— 

— 

lfi-6 

e 16*6 * 

Saponification value 

_ 

— 

_ _ 

'1P9 ' 

Mean molecular weight . 

27<J'l 

— 

— 

— 

'Iodine value .... 

— 

139 

— 

116*3 

Acetyl . 

131 

— 

— 

— 





POPPY-SEfiD OIL. TABLE OF AVERAGE CONSTANTS BY SEVERAL OBSERVERS. 






4 10tWN^^Al.DE OP TPRBNOT 
> {BOYER.) 


15^C. 

At a5* C. 

Codiue 

Valiio. 

BeUier’a 

Golour of the 
Achli 

4).934 

72-0 

182-9 

Yellowish-wUite 

092.58 

71-7 

135-0 

Oreen 

O.Si24 

72-3 

185-3 


,0-9248 

T2-6 

136-1 


0-928 

72-3 

1.84-1 

Pale gi*eeu 

0-9287 

72-0 

187-2 

Greeuish-yellow 

0-9257 

72-1 

137-2 

Yellow 

0-9289 

72-3 

132-1 


0-9242 

72-0 

130-7 

Greenish yellow 

0-9249 

72-7 

137-8 

(.Ireeninh-whito 

0-9248 

7-2-8 

138-5 

Yellow 

0-9240 

72-5 

136-8 

Orange 

09280 

72-3 

185-2- 


0-9245 

72-G 

• 136-0 

(ireenish-yellow 

0-9244 

72-5 

135-0 

Pale green 

0-9248 

■ 72-3 

134-9 


0-9240 

72-4 

136-3 


0-9260 

71-2 

129-H 

? 

0-9239- 

72-4 • 

185-8 

(treenish-yellow 

p-924 

72-2 

184-2 

Pale green 

D-924 

7-2-4 

185-5 

Green 

0-9241 

71-4 

134-9 

Palo green 

.0-9242 

72-5 

135*6 

0-9246 

s 

‘71-5. 

188-5 

-•* 


Reaction ' 
$ Cc^our 
of the Oil, 


Violet 

Dark brown 
Violet 


VIU»ve<fchi« 
wd Fibrin' 
RWgsiit, 

■ ' I . 

R(m» ^ 
Red 


Bom' , I 
Salmon 
Cslourloiin 

lied*' ' 
Colourie«» , 


V Samplee Nos. 1 to G are Ou Nord oeilieite (1 cold pressed, 3 hot prested, 
9 hot preseediand refined). B, First pressure cold. K, Second pressure h^. 
•* j), Country pure Cassel. P, Ditto. 4, Cannes. 5, Marseilles. 6, Country 
Mllette seed. ' 7, Country oeillette, the two pressures mixod. 8, Country 
oMUMta seed. B, Ditto. C, Exotic oeillette. D, Ditto. D, oeillette, ftni 
pressed Levant. M, Second pressed Levant. U, Oeillette exotic, first pressed 
Indian. 10, Second pressed, ditto, Indian poppy. 

P 

' Pumpkin-seed Oil. —Tl«s decorticated seeds of Uucurbifa pept 
yield by expression or extraction'by solvents an oil—pumpkin-se^ 
oU—whioh is ejtensively used as an edible oil (tanking nest w 
.joUtte oU); it is also ased as an illuminant. The ethej^-extracted 
rbii’ isjused as a vermifuge. The cold-expressed oil is brownish- 
^1^ ’and viaoqus, the extracted oil is redder. According to Po^ 
. ^{W^ibn in the cold is the general process of manufacture, t>u{ 
' states that-most of the oil on the market is extracted ^ 

that the expressed oil is more rare on the market and 
^j^ljit^reeiably higher ip, price. , Clrahahi attributes to the diffe||hn| 
^t^rthods used to obtain the oil the ywations in -the chemical a{(d 
[i^p^rt^ of different samples of the oil. The oil is frii)#j 
etj^et^ catbon disulphide, and in twedty times its yoliitat 
atdohoV, It is endowed with appreciable drying 
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Exposei to the air tor a time it forms a transparent yellowish maw. 
.Its viscos^y is high but not so high as olive oil. With the elaiditi 
test it thickens slightly it 24 to 28 hours, becoming dark reddish-brown. 
Podft determined the Index of refraction of fourteen samples of the, 
oil. His readings varied from 70 to 72‘5. 

Senat Seeds.—A dumber of samples of the seeds of Cucurbita 
Melo, var. agrestis, were received from the Sudan. The forms of this 
plant represented in the present series included those known locally 
as “ Senat,” " Hameid,” “ Fagus," and “ Tibish ". The seeds yielded 
from 29'5 to 36'5 per cent, of a pale yellow liquid oil, which was free from 
smell and taste and would be suitable for edible purposes. These 
seeds are stated to be fairly abundant in the Sudan and a small ex-' 
port trade in them has already been developed. 

Pumpkin seeds consist on the average of 76^ per cent, kernel 
and 23.^ per cent, shell. The shell is yellowish, and the kernel is 
covered with a green skin. Tne whole seed gives on extraction about 
37 per cent, of oil, the kernel alone about 48 per cent. In getting 
the oil by hot pressing about 10 per cent, of ft remains in the press- 
cakes. The oil has a reddish-green colour anU is very difficult to 
bleach. Sulphuric and sulphurous acids, as well as chlorine.and 
ozone, had practically no effect upon the colour, which can, however, 
be reduced to a pale yellow by repeated treatment with caustic soda 
lye, although with considerable loss by saponification. The books 
give the percentage of oil at 20 to 25 per cent. only. The figures 
come, however, from Hungary, where the oil is extracted in a very 
wasteful and primitive manner. “ 

Graham’s estimate that the seeds of the pumpkin contain 25 per 
■ cent, of oil is inaccurate. Hr. Strauss obtained 87 per cent, from 
the whole seed, and 47 per cent, from the husked seed, by the 
extraction process. Pressure, of course, gives less. After one press¬ 
ing at 80° to 90° C., 10 to 11 per cent, of the 37 per cent, remains 
in the cake. The oil has a deep reddish-green colour, and is very 
difficult to bleach. Caustic soda is the only substance that lessens 
the colour much, and it causes a good derl of loss by saponification.- 
The oil extracted by ether gave an iodine number of 120’5, while that 
got by means of benzole or petroleum ether had an iodine number 
varying from 116'5 to 117'2. ' . . ro 

Grimm (C.) gives the following constants; specific gravity at 16 
C., 0-9286; solidification-point, - 8° to - 10° C.; reftjtotive index af 
15° C., 1-4805; acid value, 124; saponification value, 194-8; iodine 
value, 134-8; insoluble fatty acids, 94-8 per cent. j 

‘ Bobinia Oil (the so-called white acacia oil of the latq, Dr. Lew- 
'kowitsch, the Weiss Ahaeienol of the Germans) is not the product ot. 
ifi acacia tree at all but of, the Bobinia pseudo acacia, a plant belong- 

* ing to the Jasmine family, but which the late Dr. Lewkowitsch con- 
fused with the yellow acacia, a true acacia, Caragmia arbore^et^'. 

• belonging to the family ot Legumenos, q.v. The author of thjp trMtisa 
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oanTOt understand how palpable bungles like these can be perpetuated 
4 n a twentieth-century work published in England, seeing that the 
Bobinia has been an ornamental tree grown in the demesnes of noUe- 
men and gentlemen in England for a couple of centuries at least. A. 
■jery excellent monograph on the Bobinia of over 400 pages was eom- 
oilefas fer back as about 1820, from which it appears that the Bobinia 
VOL. I. "29 
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affords an excellent timber. It is most reprehensible that those in¬ 
terested in (drying oils should have the false idea conveyed to them 
that this so-called vfhite® acacia, whose distribution is worjd-wide, 
should have its habitat so erroneously confined to South Russia. 

Wild Safflower-seed Oil.—From this title it will be at once 
seen that there is a cultivated variety of safflower, the seed of which 
also yields oil, but that oil is described separately (pp. 451-453). Wild 
safflower-seed is the product of the Cartharnus oxycantha, a native of 
arid tracts of land in North India. Let it be well understood that it 
has nothing to do with saffron {Crocus Sativus). )t is especially 
abundant in Peshawar, where the spinose clumps are an objectionable 
feature of the grassy tracts. Where the plant is fairly abundant the 
seeds (fruits) are collected for their oil, which is the chief ingredient 
in Afridi waxcloth. Crossley and Le Soeur examined a sample of 

this oil, acid value, 3'66; Hehner value, 95'44; 

15*0 0 . 

saponification value, 189*4; iodine value, 135*49; refractive index at 
40° C., 68*2. Wild safflower-seed oil is extracted from the Carthamus 
oxycantha by a cold process. It is then run into earthen vessels 
and “boiled” continuously for 12 hours. The vessels in which'the 
oil is boiled are so fixed that a flame cannot reach the boiling oil, 
and the temperature is kept low and well regulated so as to maintain 
a uniform heat. After a certain time it begins to emit volumes of 
white pungent vapour, so that wild safflower oil boilers have to con¬ 
duct their business under a special licence far remote from' human 
habitations. When the oil has been “ boiled to a sufficient extent 
the still hot oil is run into large shallow trays containing water; it 
swells up into a jelly-like substance, the roghan of North India, which 
is packed in tin cans for despatch to the manufacturers of Afridi wax- 
, cloth. 

The Manufacture of Afridi Waxcloth.—In this industry the paint 
is not applied by a brush but by an iron style. The deftness, rapidity, 
and accuracy with which the pattern is elaborated from threads of 
plastic-coloured roghan must be seen to b,. appreciated. The skilled 
craftsman works from left to right or right to left with equal ease and 
freedom, and, as in handwriting, the thick down strokes and the fine 
hair up strokes each keep their own place in the elaboration of the 
pattern covering the fabric. When two or more colours are given 
the craftsman generally applies all the patches or lines -of one colour 
before the second or third. The half-finished table-cloth or fire-screen 
may thus appear bewildering, as it may be impossible to discoverjthe 
actual pattern in the mind of the craftsman. In Baroda castor oil, 
and in Kach linseed oil are used t6 make the roghan used in the 
manufacture of oilcloth in these localities. Tests made in the Cal¬ 
cutta Industrial Museum showed that wild safflower oil possesses 
no special advantages over the oil from the cultivated safflower* 
^ India exports the jute textiles used in the linoleum, and Suti George 
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, "Watt urges the importance of India making her own waterjjroofs, 
linoleum, and waxcloth, and ceasing to p^ tribute to tBe waxcloth 
and linoleum manufacturers of Europe, who now supply India with 
the bulk of these pr^ucts made with raw materials imported from 
India. • 

Cultivated Safflou-er-seed Oil }—This oil is derived from the seeds 
of the cultivated safflower Cartkamus tinctoria, a plant which is 
cultivated, more or less, all over India, 
sometimes for dyeing purposes, some¬ 
times for oil producing. Many points 
as regards its cultivation are highly 
interesting, but to enter the domain of 
Indian agriculture would carry us too 
far. So also all reference to the use 
of certain parts of the plant for dyeing 
purposes and for the manufacture of 
lakes must he rigidly excluded. The 
seed is very small, 100 of them only 
weighing J to J oz., and it is covered 
with a thick husk. The seeds from the 
dye-yielding plant 'are oollocted and 
form an additional income. However, 
in some provinces, especially Ilombay, 
an oil-ijeed crop is specially grown. 

■“ Safflower,” according to Molhson, “ is 
the most important oil-seed crop in the 
Bombay Presidency. The area is usu¬ 
ally from 500,000 to 600,000 acres annu¬ 
ally. The chief centres of cultivation 
are in the black rabi lands of Ahmednagar, Poona, Satara, BijApur 
Dharwar, and Belgaum. It is subordinate to the crops with which 
it is associated, such as jiur, wheat, or grain. It therefore partici¬ 
pates in the general cultivation given to these crops. Usually, 
three consecutive rows o^ safflower alternate with 9, 16, or 21 of 
the principal crop.” In the Central Provinces the area of special 
oil cultivation h»s recently been greatly curtailed, so that the Deccan 
production may be accepted as alone of importance, though the oil 
. of the dye crop must not be entirely ignored. Not only are there 
two distinct sdufoes of the oil, but there are also two quite different 
methods of extraction. (1) The seeds are cold pressed, either before 
or ifter being decorticated. The yield is said to average 20 to 
30 per ceflt., but both the quality of the oil and the value of the 
cake depend on the seed being decorticated. The cold-drawn ml 
has a clear straw-yellow colour of specific gravity 0'9224 at 15' 

- ' Lswkowitach gives saHron oil as a synonym for this oil, a most misleading 

tnlni^ta da True safflower is occasionally termed bastard saffron, but that mis¬ 
leads no one. ' • 
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It possesses pronounced drying properties, readily saponifies with 
alkalies forifiing a fairly f^ood soap, and the free fatty acids have 
some of the characteristics of the linoleic acid obtained from linseed. 
The oilcake retains 11'55 per cent, of the natural oil, and is not con¬ 
taminated with earthy iaipurity. The nitrogen amounts to 319 per 
cent, which is equivalent to 19'94 per cent, of albumenoids. It is an 
oil extensively used for culinary purposes, and to adulterate ghi or 
til. Moreover, safflower earth-nut and till are mixed, and the different 
seeds so mixed together crushed. The oil which exudes from this 
mixture forms the sweet oil of Bombay, Interior grades of cold- 
crushed oil are used for illumination. 

Hut Expressed Safflower-seed Oil .—The second method of ex¬ 
tracting safflower-seed oil is a hot dry extraction, or rather a crude 
downward distillation. The seeds are placed within an earthen pot 
and this is inverted over the mouth of a similar pot placed.within the 
ground, the two pots being separated by a perforated plate. Over 
and above the inverted pot is piled some fuel, and on this being 
ignited the seeds are partly roasted. The oil in consequence drains 
from them, and accumulates in the lower or submerged pot. The 
yield of oil in the hot extraction process is alrout 25 per cent, (greater 
than in the cold), but is useless both for burning purposes and for 
food. It has, in fact, acquired a new property, being converted into 
a substance, very serviceable for greasing well ropes, leather well 
buckets, purposes tor which the cold-dravfn oil is quite unsuited. 
In other words, the oil has been converted into whetl is known as 
roghan, a substance used to prevent leather from hardening on its 
being exposed to the action of water, or of a damp atmosphere. The 
oil would appear to be converted into an analogue of sod oil, the so- 
called degras. 


SAPFLOWEK-SEEI) OIL. TABLE OF CONSTANTS. 



Tem¬ 

pera¬ 

ture. 

Deuaity. 

Hehner 

Value, 

Saponifica¬ 
tion ' 
Value. 

Reichert- 

Meiszl 

Value. 

Iodine Value. 

Refractive 

Index. 

And^s 

16° 0. 

0-9246-0'928 

95-4 

186-6-194 


127-9-149-9 

1-477 at 

OroSBley and Le 
Soeur . 

HTO. 

0'9251 0-928 

95-3 

186-6-192-5 


129-8-149-9 

16° 0. 
65-2. 
Zeiss, 

Jones 

20° C. 

0-9227 


194-194-8 


143-144-6 

Butyro 

refraoto- 

Shnkoff . 

_ 

_ 

_ 

195-4 

— 

141-6 

■'mater 

Tylaikold. 

o°c. 

0-984-6 

— 

172 (?)-194 

0-69-0-88 

126t.l80 

at 40°iO. 

I n • . 

15-5°C. 

0-916-0-925 


’ — , 



.. 


The insoluble fatty acids according to Andfe amounted to 95'4 
per cent, with the following constants;— 
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CONSTANTS OP PATTY ACIDS OP SAPPL0WER-8BED,01L. 


Speciflo gravity at 16° C.OiPSlS • 

Melting-point.• . ■ 16° 0. to 16*5° C. 

Neutralisation value.• • 169 

lo4ine value.182*5 to 148*2 


Oil df Soja Hispida (Soja Bean).~Th<0 Soja Ilispida is a her¬ 
baceous plant of the Letiuminosete, indigenous to China and Japan, 
■where the seeds are highly valued as an edible food. The seeds con¬ 
tain a large quantity of fermentable sugar, also a ferment similar in 
its properties to diastase; the oil, present in the pro])ortion of 14 to 
18 per cent., tan be extracted by pressure or by means of ether; it 
possesses laxative properties, a yellowish-brown colour, and a slight 
aromatic odour. It readily solidifies, and is intermediate between 
the drying and non-drying oils. The following proiterties are given, 
which are confirmatory of those obtained by Stingl and Morawski 


{Chem. Zeit., 1886, 140) 

Specific gravity at 15° ‘..0*924 

Point of aolidifierttion fatty acids.H° to 15° 

,, „ fusion.97" to 29° 

„ ,, solidification.23° to 25° 

• Tomperatiiro rise.59° 

Iodine number.121*8 

,, „ of fatty acids.122 

Saponification number.192*5 


The oil gives with Hauchecorne's reagent a dirty white coloration 
in the cold, but deep orange when heated; with Brulle’s reagent a 
deep grange, But no coloration with Bechi's reagent, 

Chinese Bean Oil .—The technical literature of the early years of 
the present decade, when linseed oil was nearly as dear as during 
the present war, was flooded with all sorts of extravagant assertions 
as to the value of the Chinese bean oil as a drying oil. Some of 
these absurd notions—they cannot be regarded as serious proposi¬ 
tions—did not stop short at recommending Chinese bean oil as a 
•substitute for linseed oil. The former was alleged by men of “ light 
and leading ” to be a far superior drying oil to the latter, and this 
technical untruth was f^lowed up by a propaganda, the object of 
which was ostensibly to depreciate the long-established good qualities^ 
and virtues of iinseed oil as a drying oil, and to magnify in the most^ 
grotesque manner possible those of the Chinese bean oil. Linseed 
oil as a drying oil did not have a single good point I Although oiled 
silk and oilskift garments had been worn long beyond the memory of 
man, a linseed oil film was not waterproof; and if fishing-net buoys 
hafi for years borne the heavy deadweight of fishing nets loaded 
with tackle weighing many toqp, and a catch of fish often weighing 
itons if not hundreds of tons without additional submersion, thus 
proving that linseed oil not only gives a waterproof, but an airproof 
film when made into paint—all that counted as nothing. 

* tChinese bean’oil cannot be in any sense of the word a drying oil. • 
HevertSeless the iodine values of Chinese bean oil flatly contradict 
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its respon/iing to the elaidin test, which is too often performed in the 
most alip-sljod manner conceivable. 

Bean Oil, Chinese Mode of Preparation .—According to Korentcheff 
and Zimmernlen, an an&lyst and pharmacist attached to a Russian 
hospital during the Busso-Chinese war, the first process consists in 
crushing the beans info cake or a mass with the destruction of 
their skins. A large grindstone lies upon the ground, and upon it 
another but smaller grindstone turns on its axis, the motive power 
being the usual ox traction. In front of the smaller stone an ap¬ 
paratus is fitted holding a basket, out of which the beans are poured 
under the small millstone. And behind the same millstone another 
apparatus is fixed which directs the beans pressed by it into the 
centre of the larger millstone. 

In the second process the beans that have been crushed are heated 
in cloths over a stone plate until they begin to steam. The heated 
bean cake is then gathered on to iron discs, over which it is subjected 
to a very heavy pressure. The expressed oil flows into circular 
grooves that go round the frame of the press, whence it passes into 
vessels prepared for it. 

Without further manipulation the oil so expressed is often sold 
from the factories. Just, however, after it has been expressed it has a 
cloudy appearance. But, it allowed to stand, the impurity will 
settle, and a sediment will form at the bottom, leaving a fine clear 

TABLE SHOWING THE CHEMICAL AND PHYSICAL CONSTANTS OP 
POUR DIFFERENT SAMPLES OF CHINESE BE/N OIL.' 




Samples. 




2 

3 

4 

1. Colour. 


All dark 

brown 


2, Conaiatency .... 


All 

fluid 


8. Smell, growing stronger with 

lusigtii- 




heating, resembles wood oil. 

ficantiy 

Notably 

Sliglitly 

SiiKhtly 

■i. Ttisto recalls that of other 




vegetable oils 


— 

_ 

— 

6. Solubility in ether . 


All com 

plete 


6. Water content.... 

1-80 »/„ 

0-59 % 


0-13% 

7. Specific gravity at 15® Cel. 

0-9284 

0-9207 

0-9270 

0-9276 

8. Solidilving-point 

- 15° 

- 14-8° 

- 15-3° 

- 14-6° 

9. Saponification value 

207-9 

211-6 

208-0 

209-8 

10. Ether value .... 

200-S 

203-9 

2g6« 

207-7 

11. Iodine „ (HiiW). 

114-8 

128 

137-2 

130-17 

12. Fatty acid .... 

94-28 °/, 

94-02 °/„ 

93-88 % 

93-60°/, 

19. Solidifying-point of fatty acids 

■h 16-4^ 

+ 16° 

+ 17° 

+ 17-il° 

14. Melting-point ,, ,, 

+ 20-5° 

+ 20° 

+ 21° 

. +21° 

15. Maumene tost .... 

104!° 

120° 

116® 

104° 

16. Elaidin reaction 


All 

positive 


17. Animal oil 'i 





18. Mineral „ [ . 


No 

trace 


19. Metal J 





20. Acid value .... 

1-S6 

15-46 

8-92 

8*7G 
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oil. When this sediment is subjected to the microscope >it is seen 
to consist principally of bean refuse and a small proportjpn oi sand. 

In A. paper read by H. A. Gardner before the Canadian Associa¬ 
tion' of Master Painters, he describes a whSle series of experiments 
which he made to accelerate the drying of sova bean oil. This paper 
deals with the question so fully and exhaustively that it is given here 
as reproduced by the “ Oil and Colour Trades Journal ”:— 

“ Driers for Soya Bean Oil .—If soya oil has been classed as a semi- 
drying oil, having an iodine value of approximately 130, it is a far 
better drying^oil than other oils of similar iodine value. It is 
especially adapted for use in the manufacture of paint, treatment 
with a small quantity of drier serving to set it up in a short time to 
a firm, elastic film. The type of drier to use with soya oil, however, 
is a matter of great importance. In the same way that lead, zinc, 
lithopone, and other pigments give better results with different kinds 
of drier, various oils are also affected through the use of driers of 
different types. In a recent lecture, Tooh proposed for soya oil the 
use of drieis made from the m(!tal cobalt. In order to determine the 
relative effect of cobalt driers as compared with the more commonly 
used lead manganese driers, Gardner made a series of experiments 
upon a laboratory sqale. Before the results are accepted commercially 
the tests should be repeated upon a larger scale. A series of eleven 
soya oils as obtained in the market, and representative of the grade of oil 
that was then being furnished by the grinders, were treated separately 
with nfne diffsrent driers. The driers were carefully prepared for 
the teSt, each containing approximately the same metallic content. 

“ Description of Driers. —No. 1. Cobalt linoleate in turpentine and 
benzol (contains 6 per cent, cobalt oxide). No. 2. Cobalt rosinate in 
turpentine and benzol (contains approximately 6 per cent, cobalt 
oxide). No: 3. Lead tungato in turpentine and benzol (contains 
approximately 5 per cent, litharge. No. 4. Lead and manganese 
rosinate (contains approximately 4 per cent, litharge and 2 per cent, 
black oxide of manganese). No. 5. Manganese rosinate in turpentine 
and benzol (contains approximately 6 per cent, black oxide of man¬ 
ganese). No. 6. Lead tungo-rosinate. No. 7. Lead linoleate (contains 
approximately 6 per cent, litharge). No. 8. Cobalt and load linoleate 
(contains appfcximataly 4 per cent, cobalt oxide and 2 per cent, 
litharge). No. 9. Cobalt and lead rosinate (contains approximately 
4 per cent, cpbaltio oxide and 2 per cent, litharge). In making the 
drying tests, l6 parts of oil were placed upon a glass plate. There 
WE^ added to the oil 1 part of the drier, and after a thorough mixing 
with a 6]ean camel’s hair brush, the oil was uniformly spread over 
the surface of the plate, oros#-brushed and set aside to dry. The 
temperature of the laboratory was approximately 70° F. and •the 
humidity was high. The painted plates were examined every S 
(hours to deteriqine whether any marked drying had taken place. 
At*the^nd of a 24-hour test, the various driers gave the following' 
results on the eleven samples of 6il which were under test:— 
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No. 1 drier gave fair reealts on 10 eamples of oil. 
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“From a consideration of the results, it is shown that of the 
common driers, lead linoleate is probably the most efficient. Of the 
newer driers, however, those containing cobalt seem to have given 
the best results. It occurred to the writer that a drier made by 
combining lead and cobalt might be still more effective. This seems 
to be true from the results obtained with Nos. 8 and 9. No. 9 was 
adopted as a working drier in some further tests which were carried 
on, and which are described below. 

“There was obtained through the courtesy of Mr. C. Piper, 
Agrotologist in the Bureau of Plant Industry, United States Depart¬ 
ment of Agriculture, a series of twenty-four sapiples of soya bean oil 
crushed from seed grown at the Arlington Experimental Farm of the 
Department, where the culture of soya beans has been studied for 
some years. These oils were tested along the same lines as outlined 
above, drier No. 9 being used throughout the test. The oils were 
examined for their iodine value and the results of the tests are 
charted as follows:— 


Oil No. 

Variety. 

Seed Colour. 

lofline 

No. 

Drying 
of Oil ill 

3 Days. 

Drying in 24 
with 

5 per Cent. 
Drier No. 8. 

16789 

Fiava. 

Straw-yellow 

131*3 

Poor 

Good 

16790 

Cloud. 

Black 

133-7 

Good 


17262 

Fiat kind . 


130-2 


172520 

Field . 


133-8 



17263 

Nattall 


129-8 



17254 

Ebony 


132-1 

,, 


17268 

Austin 

Olive-yellow 

131-2 



17264 

Tokio . 

133-4 



17267 

Hope . 


123-5 



17268 

Lto San 

Straw-yellow 

132-8 



17271 

Haberlandt 

134-1 

V. 


17278 

Hollybrook 


135-6 


It 

17862 

Meyer 

Black and 
brown 
Black 

137-4 

Poor 

71 

17852B 

Peking 

181-4 



17861 

Jet . 


130-8 



18227 

Chornio ' . 


134-8 



18269 

Pirgsee 


184-6 

Good 


19163 

Wilson 


125-1 

Poor 


19186 

Morse. 

Olive-yellow 

131-0 



,21079 

Shingco 


129-9 


»> 

21079B 

Auburn 

Black 

123-7 



21999 

Taba . 

Black and 
Olive 

129-9 

Good 

71 

22312 

Famham . 

StraW-yellow 

127-8 



23232 

Klangau . 

Dull brpwn 

133-9 



26000 

Mammoth . 

— 

132-4 

Poor 

.. »»' 
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“ It is shown above that although the various samples of.oil tested 
• differed in their drying values, they all become dry wjten treated 

with OP efficient drier.” ■ ,• *v,- 

OilVrowt the Seeds of Fir Trees. -Bohiich has "^estigated the 
possibility of obtaining oils from the seeds of fir trees. No difficulties 



minus the wihg at its baae. 


arilw in the treatment of fir seeds. Expenments on a «nmll sc^® 
have shown that the seeds of the conifers, when 8''°"“^ 
with ether, yield 20'85 to 31-2(f per cent, of oil. These figures ^ 
that the'trees in question can form a valuable source ^ 
especially since they do not have first to be ‘’"‘j 

.eS in large numbers and yield a crop every year. The latour ^ 
eollectiEg the fruit and seeds nped not be expensive. In addition to 
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oil, the a^eds contain 35'2 to 35’3 per cent, of nitrogenous subatances. 
‘in the, case of Uie conifers, so that the presa-oakea could form a, 
valuable cattle food; the seeda themselves are readily eaten,, by the 
wild animals inhabiting'the woods. ' 

But it is not enough that the yield of oil per cent, should be con¬ 
siderable but that the' crop of cones yielded by the pines should 
also be considerable, and that a sufficient number of pine forests 
should be available for cone picking, and that the crop should be far 



Pio. in.— A6ie.! pedmata. The silver fir. 

A, bract; c, detached from the axis o( a young cone, with the scale; s, bearing the 
ovules, sic (magnified). B, upper part of mature cone; sp, axis; c, bracts 
s, largely developed scales, bearing the seeds on the upper surface (reduced). 
C, ripe scale, with two winged seeds; so, seed; /, wing (reduced). (After 
Scbacht). , ' 

in exbess of that required for nursery purposes. At present the yield 
is so small that it is quite insufficient tor planting'purposes so as- 
eventually to maintain the pine forests in pre-war head of standing 
timber. N.B. —The cone is about a cubic inch, but the yield of ^ed 
per cone occupies only a few yJrr*h8 of an inch. 

Scots Pine Seed OH. —The author having complained to the 
Dfreotor of the Botanic Gardens, Kew, about certain points in an 
article in the “ Kew Bulletin,” Nov. 6,1915, on the subject of the 
V Scots Pine, was favoured with the following memorandum in repl^ :— 
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“ Subject .—Soots Pine in ‘ Kew Bulletin,’ Nov. 6,191^. 

“ The name of Soots Pine is applied generally to Pfljus s#lwsft'ts in 
the BriHfch Isles, whether the trees have beeif i;p,i8ed from home-grown 
or continental seed. Some nurserymen, however, indicate the source 
from which their seed has been obtained. It ^ more than likely that 
distinct races of Pimis sylvestris exist, but whether the distinctive 
characters are sufficient to warrant separate varietal names except in 
two or three instances, is very doubtful. When seeds are collected 
from trees growing under veiy different conditions and sown side by 
side, the seedlings from different regions show considerable variation 
in rate of growth, but botanically all are P. sylvestris. The height of 
the Soots Pine is given as up to 140 to 150 feet, not the average height. 
The height given is reached under the most favourable conditions in 
some of the continental forests. In Scotland the tallest trees noted 
are Ijetween 96 to 111 feet high, but the average height for well-grown 
examples is probably nearer 75 to 80 feet." 

Siilhngia Oil. —Th# oil known as stillingia oil is, according to 
Watt, obtained from the seeds of Tapiiim Sebiferiivi, which is the 
same tree as that which yields (IhiniMc tallow. The (Ihinese tallow 
tree is a small glabrous tree, indigenous to and cultivated in (Ihina 
and Japan, introduced into and cultivated in Northern India, having 
become almost wild in the Dun, fairly abundant in Garwhal, Kumaou, 
and Kangra. The plant is easily raised from seed, but is usually 
propagaljpd by layers or chttings. The fniit is a !i-coll capsule, each 
cell wi^h a sinj?le seed surrounded by a thick greasy substance, the 
so-called vegetable “tallow". In addition to this solid fat, the seed 
kernel yields about 50 per cent, of a brownish-yellow oil, which is 
employed medicinally, also as a burning oil, and in the preparation 
of umbrella varnish. The oil is obtained by expressing the seeds 
after steaming them to liberate the tallow. The oil is iiinj)id and of 
a pale yellow' colour; it has a peculiar smfill similar to that of lin8(ied 
oil and mustard oil. It can be distinguished from linsettd oil by its 
great levo-rotary power. 


STILLINGIA OIL. CHEMICAL AND PUV.SICAL DATA. 


Observer. 

“C. 

•:- 

• 

Saponi- 
Dciwity., fiRation 

IfXlilB' 

No. 

1'racto- 

1 
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iVfrwtion. 
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No. 
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o 
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_ 
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— 
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STILUNGIA OIL. FATTY ACIDS. 


j—'—I—^ 
Observer. 

SoUdi'itcation- 

Melting* 

point. 

Neutralisation 

No. 

lo^e No, 

Lewkowitsch . 



206-3 

Saponification 
No. 210-5 

Liquid 191-1 
„ 181-8 

Nash 


— 

_ 

165 

Tortelli and 

Ruggeri . 

12-2 

14-5 

214-2 

Liquid 161-9 
., 178-1 


More recently it has been found that the most characteristic pro¬ 
perty of stillingia oil is its optical activity. It rotates the plane of 
polarised light strongly to the left, viz. - 6“ 45' in a 200-milliraetre tube, 
corresponding to - 29'9 saccharimetric degrees. As croton oil is 
derived from Croton Tiglium and stillingia oil from Croton Sehi- 
Jerum its optical activity can very well be understood. But whereas 
croton oil deviates to the right, stillingia oil deviates to the left. In ■ 
general, oils and fats only exert a feeble action on polarised light. 
However, some distinguish themselves from others by being more 
active, a property which may be used to identify them or to enable 
them to be recognised in admixture. When the deviation is feehle it 
may be ascribed to cholesterin or phytosterin, according to whether 
it is a question of an animal or vegetable oil. But where there is a 
strong deviation with a pure oil it is undoubtedly due to the action 
of the glycerides themselves. Cholesterin and phytosterili being 
Imvo-rotary impart to oils the property of deviating the plane of 
polarisation to the left. 

Sunflower Oil (English, Sunflower Oil; German, Sonnenblumeol; 
French, Huile de tournesol).—The sunflower, a native of Mexico, is 
a plant of the Composite Order, the botanical name of which is 
Helianthus Annum, L. The sunflower has long been cultivated in 
Europe as an ornamental plant. It is grown on a large scale in 
Hungary and Russia, more especially ir,. the Russian Province of 
Kuban, where the plant is not only cultivated for its oil hut as a 
source of potash. The seed kernels are crushed in Russia for oil, and 
are also exported for crushing in other countries, dermany, prior to • 
the war, did a considerable trade with Russia in sunflower oU. The 
kernels contain about 50 per cent, of oil. The yield of oil calculated ^ 
to the seed is about 20 per cent. The cold-pressed oil is a, pale 
yellow oil with a pleasant smell and mild taste, which is used as an 
edible oil. The second hot-pressed oil yields a dark oil, wliich is used 
as an illuminant and for soap purposes, also as a paint vehicle and a» 
hriled oil. The saturated fatty acid content is very small, only about 
8'9 per cent, according to Vorleker, and here the similar data of 
Hazura comes into play. Hazura found 92'5 per cent, of fluid fatly’ 

‘ acids which yield on oxidation dioxysteario acid and sativie acid he- 
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^ving like oleic and linolio acids. If 130 be taken as the meam iodine 
number it would about correspond with the calculated iodico nmnber 
of equalVi'cights of oleic and linoleic acid. Tlt^ iodine number of sun¬ 
flower-seed oil at first sight.indicates only a slow drying oil. Hiibl by 
treating it with copper powder found it to djy in 7 days with an 
oxygen absorption of 5 per cent., but J. I’etroff obtained unsatisfactory 
results with sunflower oil as a raw material for boiled oil. The fol¬ 
lowing are his results:— 

TABLE SHOWING THE COMPABATtVE TIME OCCUPIED IN DUYINO 
OP RAW AND BOILED SASIPI.ES OP SUNFLOWER SEED OIL. 




Time of 
Prylug. 

Haw sunflower seed oil 

heated and blown for 4 iiours 

K days 


at 200 to F. . 

H II 

Raw oil, witli 2 per cent, oi MnH. 

15 hours 


otMiiL. 

„ 

Blown oil, „ 2 „ 

ofMnR. 

25 

» 2 Jf 

ofMnL. 

JiH „ 


Twenty-five parts of the boiled oil mixed with 20 parts of white 
lead'or zinc white look 30 hours to dry, the usual time being 8 to 9 
hours. Sunflower-setd oil as a raw material for oil boiling is un¬ 
desirable (Petroff). But according to Book, who has resided in Rus¬ 
sia, much sunflower-seed oil is used there in paint-grinding, whilst 
the greater part is used as an edible oil, the seed losing heated before 
expressioh to develop a peculiar aroma; the oil for varnish is prepared 
by steafcing the seed and treating the expressed oil with fullor’s-earth 
so as to eliminate the mucilage which causes foots. If the manu¬ 
facturer does not crush the seed himself ho must make preliminary 
tests to see if the oil is tit for varnish-making. A pale oil for varnish- 
making is obto’ined by treating the oil with 1 per cent, of fuller’s-earth 
and heated to 300° C. until it thickens, without browning; this oil is 
mixed with equal parts of hardened rosin, a pale drier is added, and 
the product ground with white zinc. The paint so obtained is char¬ 
acterised by its brilliant udiite and its ijermanonce to atmospheric 
agents without any tendency to yellowing. The same oil may be used 
with copal and its analogues. 

PHYSICO-CHEMICAL CDNSTANTS OP MIXED PATTY ACIDS PROM 
SUNPLOWER-SEED OIL. 
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— 

— 
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— 
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'_ 
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23° C. 
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PHYSICO-CHEMICAL CONSTANTS OF SUNFLOWER-SEED OIL. 
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— 
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— 

— 

Jean 
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_ 
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95 
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Thorner . 

— 

— 
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_ 

_ 
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— 

— 
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— 

— 
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Tobacco-seed Oii.—According to Cohen about 3 cwt. of tobacco 
seed is obtained from an acre of tobacco. This 3 cwt. of seed yields 



Fio. II2.—Nicotiomi Tt^iacum, the tobacco plant (source of tobacco-seed oil). 

, owt. of oil or 4r6 per cent. The seed should be harvested after'' 
the top leaves have been collected. There are difficulties encountered 
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in the ooUeotion of the seed and in the’ drying of it. The oilcake 
■eontains 4‘2 per cent, nitrogen. • • • 

WaJniU Oil .—Oil of walnut can readil;^ ^e extracted by pressure 
from not over-ripe nuts, as also from the kernels by ether or carbon 
disulphide; it is of a yellowish colour, and is ^used in some countries, 
especially Piedmont, as a good substitute for olive oil. The follow¬ 
ing data are given ;— 


Specific gravity at 15° C.O'O'ifiS 

Meiting-point of fatty acids.lfi° to 18“ 

Temperatute rise. ‘J(>“ 

Iodine numl)er.144-5 to 145*1 

„ ,, of fatty acids.150*05 

Saponification nnnibcr . . ... 108*8 to 107*3 


Its specific gravity, rise of tempci*atui*c, and high iodine number 
distinguish it from other oils olitained from nuts. It gives a brown 
coloration with Ilcydenrcich's, i*eddisb-brovvn with Hauohecorne's, 
and an intense orange^oloration with llrulle's reagent. 

Walnut Oil. The ArhnrienUure ami llnrtir.idlure of the Walnut 
Tree .—The common walnut true is a native of Pt rsia. It has lieen 
utilised and cultivated in India since very remote times. It is con- 
.jeotured to have bee*! intioduced from Prance into Pngland in or 
pribr to 1562. The tree was highly esteemed by the, Romans; hence 
the generic name Jwjlans or Javis (jlam or .love.'s nut acorn, the 
specific name regia, the ifheen, from its pre-eminence among nuts. 
Walnut, its coratnon name, is said to be derived from (iaul nut, the nut 
of Gauf, from whence it came. 

Synonyms v— 

British—Walnut. 

French—Noyer. 

Dutch—Walnoot and Ockernoot boom. 

German—Walnussbaum. 

Italian—Nocc. 

Spanish—Nogal. 

However important tln»oil may be, the chief value of the tree lies 
in its timber, the most important use of which is for gun-stocks, and 
as the European supply is nearly exhausted, the more extended 
cultivation of the tree m India is suggested. But the vii inertia of 
the Indian forestry official is proverbial. The walnut, which ripens 
in India in July to September, is an important article of diet in 
Kashmir and the N.W. Himalayas generally, and is largely trans¬ 
ported to the plains. Both the leav is and the oil have been largely 
employed m destroying intestinal worms. “ The more walnuts one 
•eats, the more ease will he drive worms out of the stomach ” (Pliny). 
Green walnuts make an excellent pickle, and for this purpose shoufd 
be gathered before the stone becomes so hard as to be felt when 
prickyd with a needle. 

Soils in which to Plant Walnut Trees .—In good soils the tree 
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th!e masupactcre of varnishes. 


will thrive for a century and bear nuts to the last. The tree begins 
to bear when about 20 years old. In some light soils, and probably 
when the roots have beeu confined, walnut trees have been,known 
to bear nuts when un^er 10 years, but by the process known as 
budding, Knight has shown that they will fruit in 3 or 4 years. 
The fruit should be allowed to ripen on the tree, and to fall of its 
own accord, when the nuts may be gathered, deprived of their husks, 
dried, and preserved in sand till wanted for use. 

Projmgation of the, Walnut Tree .—The tree is propagated for 
general purposes by seed sown in spring in nursery beds or broad 
drills, being transplanted the following autumn, but more generally 
the second autumn. The strongest plants might be drawn out the 
first autumn for transplanting, leaving the smaller, which then would 
have plenty of room, to the next planting season. This is the most 
eligible way when the trees are required for timber, but for fruit, the 
best varieties, of which there are several, should be taken from the 
fruit-bearing trees, and inarched or budded on young healthy seedling 
stock. This latter method of propagation was suggested by Boulcher, 
an Edinburgh nurseryman, about the beginning of the 18th century. 
Abercrombie practised it. The late Mr. Knight about 1814 sug¬ 
gested the practice of budding. The walnut formed an exception to 
the usual method of inserting the buds in shoots, of the same years 
possibly in some measure, because its buds contain within themselves 
in the spring all the leaves which the tree bears the following 
summer, whence its annual shoots wholly cease to elongate soon 
after its buds enfold. All its buds for each season are also consequently 
very nearly of the same age, and long before any have acquired the 
proper degree of maturity for being removed, the annual brapohes 
have ceased to grow or to produce new foliage. Knight pointed out 
that there are at the base of the annual shoots of the walnut and other 
trees, where those join the year old wood, many minute buds which 
are almost concealed in the bark and which rarely or never vegetate 
except in the event of the destruction of the large prominent buds 
which occupy the middle and opposite end' of the annual wood. By 
inserting in each stock one of these minute buds and one of the large 
and prominent kind, Mr. Knight found that the minute buds took 
freely, whilst the large all failed without a single exception. This ex¬ 
periment was repeated upon two-yearling stocks which grew in pots 
and had been placed during spring and the early part of summer in a 
shady situation under a north wall (Mr. Knight's method of retarding 
vegetation), whence they were removed late in July to a forcing-house 
and instantly budded. These being suffered to remain in the house 
during the following summer produced from the small buds shoots 
nearly 3 feet long, terminating in large land perfect female blossoms 
which necessarily proved abortive as no male blossoms were procur¬ 
able at the early period in which the female blossoms appeared^ buj 
the early formation of such blossoms sufficiently proves that habits 
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{)t :& txMimg branch of a walnut tree hmy be trassfe&cd ta% young 
by budding aS 'well as by engrafting by appti^oh. Ifh^most 
eligibie^spot for the insertion of the buds of«this species of tree and 
poasibl/of others of similar habits is near thtf summit of the wood of 
the preceding year, and, of course, very near the base of the annual 
shoot, and if buds of the kind above mentioAed be skilfully inserted 
in such part of the branches of rapid growth, they will be found to 
succeed with nearly as much certainty as those of other fruit trees 
provided such buds be in a more mature state than those of the stock 
into which they are inserted. Layers make inferior plants and graft¬ 
ing is not very successful, but marohiug may 
be readily performed during Tebruary or 
March. Budding is, however, by far the 
best method, for it would often be found im¬ 
possible to march shoots of a superior kind, 
the branches of which might be 20 feet from 
the grotind upon a stock of C or 8 feet in 
height. * 

The Best Varieties of Walnut .—The fruit 
of the walnut being of much importance in 
climates suitable to their ripening, and as 
there are so many superior sorts to bo met 
'with, it would be well if nurserymen would 
bestow more attention to, the matter. The 
best varfetjes o^ walnuts are the large double- 
kernelsd French, the tender or thin shelled, 
a very fine variety, both of which arc grown 
about the village of Worthy, near Win¬ 
chester, the Highflyer of Thetford, and the 
new Divant Prolific or Noyer fertile, raised 
from seed at Chalons. Mr. Rivera says he 
saw plants of this sort in Paris only 2 feet 
in‘height and full of fruit. Mrs. Harvey, 
j “ Adventurek of a Lady ij Tartary,” speaks 
of a walnut cultivated in the Valley of 
Kashmir with a shell as thin as paper and easily broken by the hand. 
The Highflyer M Thetfjrd has a shell nearly as thin, and is on that 
account a variety deserving of more general cultivation. 

Stiil and Situation .—The walnut will succeed in any ordinary 
poll if on a dry sub-soil, and the best situation is in a warm sheltered 
pdrt’of the demesne where they will become both ornamental and 
usmul. They are rather large for garden culture unless attention be 
apaid to root and branch pruning.. One objection to them in gardens 
is the space they would occupy and the shade they would produce.. 
Disease-and Insects.—The walnut is proverbially exempt itmah 
these. Its leaves are used to prepare insecticides. Late spring froMs# 
howfevet in some 'situations often injure the young expanding shoots, 
... '30 



Fia. 118.— Juglanaregifi; 
1,a ^ catkin; 2ya|«ir 
of ? flowerg; 8,' per* 
pendiouiar section of % 
$ flower; 4, perpen¬ 
dicular AoctioQ of a 
ripe walnut. (After 
Lindlo)*.) 
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and recurrenoe of snch disasters brings on a debility in the tree often 
ending, in it,s death. 

The walnut tree is met with in all Central Europe, Belgium, 
Spain, Holland, Italy, Great Britain, and as an ornamentartree as 
far North as the hinterland of the Moray Firth,'but it does not 
thrive well too near Aie sea. It is widely distributed in France 
in the Charentes, the Dordogne, Isdre, la Franohe Comt6, and Picardy. 
The tree yields a brown monospermatio nut which contains the 
almond or kernel, the raw material from which walnut oil is extracted. 
These kernels are not very rich in oil as they contain only 50 to 
65 per cent. Ordinary walnut oil must not be confused with the oil 
of the American nut, which comes from carya nuts, a North American 
tree which is only used in Europe as an ornamental tree. The 
American oil is not much used except for lighting, is not an edible or 
an artists' oil. Experience has shown that fresh kernels when ex¬ 
pressed yield a very turbid oil extremely difficult to clarify. It is 
only possible to extract the oil in a satisfactory manner after the 
nuts have been dried and stored for II or 4 months. By that time they 
will be ripe and the milky juice which they contain when fresh will 
gradually have disappeared. They must be preserved in a dry plaice, 
otherwise they will become rancid and mouldy. The kernels are 
crushed under a millstone. The oil is generally extracted in two 
stages. Pressing is begun in the cold so as to obtain virgin ml. The 
residue is moistened with lukewarm (tepid)»water and again pressed, 
which enables 15 per cent, of a more ordinary oil to he eitracted. 
Sometimes, however, the crushed almonds are hot pressed directly. 

Composition of Walnut Oil.—Amongst the glycerides of walnut 
oil are those of lauric and myristic acids. Araongat the non-saturated 
acids are, according to Hazura, linoleic acid 80 per cent., linolenie 
and isolinolenio acid 13 per cent., and 7 per cent, of oleic acid. 

The Constants of Walnut Oil Vary with its Aye and its Degree of 
Bancidity. —Walnut oil is said to be difficult to preserve owing to its 
being prone to rancidity, but Halphen found no such tendency in 
Dauphine oils, which he had good reason .*o believe wore pui-e from 
their origin and properties, which is necessarily of inferior quality to 
“virgin” oil. 

Commercial Brands. 1. First Pressed Qil.—THi oil from the 
first pressure is very pale or slightly greenish. It yellows as it ages. 
Its smell and taste are pleasant when fresh, and unpleasant after be¬ 
coming rancid, 

2. Second Pressed Oil.—This quality is of a more or less deep 
yellow, often brown, colour, and possesses an acrid odour and taste. 
Walnut oil is only slightly soluble id alcohol even boiling 1/60. On < 
codling it separates crystals which melt at 20° C. and solidify at 15° C. 

Owing to its drying properties and its pale colour, walnut oil is used 
in the preparation of artists’ paints and also for making certain inks 
used in wood-engraving. Large quantities are consumed ^ many 
countries as an edible oil. When rancid it is used in soap manufacture. 



467 


DRYING OILS OTHER THAN LINSEED OIL. 

Analysis of IFainuI Oil .—According to Halphen oertain^iuthorities 
are in error when they assert that walnut oil is n*t adgjterajed with 
linsegd oil. Bellier has pointed out that poppy-seed oil was added 
therefo, and Halphen has frequently found walnut oil with cotton¬ 
seed, sesame-seed, and earth-nut oils. Crude in the beginning, these 
sophistications have gradually been imprivod, rendering, the ex¬ 
amination of this product tedious and delicate. The two sophistica¬ 
tions most difficult to recognise consist in the addition of poppy-seed 
oil or linseed oil, which the colour roaotious are powerless to detect, 
and which, og the other hand, approach so near to the chemical con¬ 
stants of walnut oil that it is difficult to prove their presence. It has 
already been pointed out that the formation of lusoluhli' hexabromo- 
glycerides enables both drying oils and fish oils to he detected. Now 
the amount of insoluble bromine dei ivatives is vm-y variable accord¬ 
ing to the nature of the drying oils, and in ))articular, the amount is 
far greater with linseed oil than with the others. On this is baaed a 
process of qualitatiyj analysis by which it is possible to detect less 
than 5 jjer cent, of walnut oil in linseed oil. 

The following table by Hal|)hen shows the variations observed in 
walnut oil, after pri«ervation tor throe years in cork-stoppered glass 
bottles only partiiijly filled :— 

T.\HLE SHOWlNt! THE F.FIHIOT OF STORlNd WALNUT OIL IN 
F.AHTIALIjV FILl.EI) COIIK-.STOIT'KKED noTTLRS FOR THREE 
YEARS. • 


Deviation by oloorefracionu ter . 

-f ibi -f 

j H* 34 1 

-1- 37 

Iodine value. 

ur>-l 

Hf)-! ; 

Hf 

Acidity as acid oleic per cent, of oil 

— l-fiT 

1 i 

i ! 

1-05 


Takinf^ apparently sound walnuts which had hoeii preserved for 
several years in the laboratoi-y in a closed tinned iron vessel as the 
raw material from which to extract walnut oil, benzine only ex¬ 
tracted very acid oils, tl*; ])roperties of which in no way corresponded 
with those of pure walnut oil as the following numbers showed. 
Sample I. wjs extracted from a first lot of nuts, using very little 
benzine. A persisteitt emulsion was formed, which only separated 
with difficulty. Sample II. was obtained by using more benzine, 


with the vi«w.of avoiding this emulsion 

— 


/ Phtsico Chrmicai. <;OX^T\N■W 

Hample 1. < 

Samptti II. 1 

• 

Deviation by the oleorefractometer 

+ 23 

+ 2!)-5 . 

• 

Iodine value. 

130-9 

146-7 

/^idity as acid,oleic, per cent. 

• ___ 

82-!» j 

13-63 ‘ 1 

_i‘ 
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In No.J. sample the alteration consists solely of hydrolysis with 
slight oxidation, which lowers. the iodine value. In No. II. the 
hydrolysis is less pronounced, and the oxidation nil. These eKperi- 
ments show, therefore; 1. That oil prepared with fresh nuts un^ei'go 
on storing no important alteration as regards refraction, iodine 
value, and aridity, and tW a diminution in the iodine value corre¬ 
sponds to an increase of the refraction. 2. That oils prepared from 
old nuts are according to circumstances more or less acid, more or 
less oxidised, and that their constants are greatly altered by these 
modifications. 


WALNUT OIL. FATTY ACIDS. 


Observer. 

Melting- 

point, 

° 0. 

ISolidid- 

cation 

Point 

"C. 

Mean 

Molecular 

Weight. 

Iodine 

Value. 

Acetyl 

Value. 

Benedikt and Ulzer . 



27.8-5 , 


7-6 

De Negri and Fabris 

10-18 

_ 

_ 

150 05 

_ 

Hiibl. . . . 

20 

16 



— 

Kebler 

16-20 

— 

— 

— 



Hickory-nut oil resembles walnut oil very much, and is known as 
“ American nut oil ”. 

Wm. T. Brant says “oil of black walnutsis sometimes expressed, 
but is of little value ”. On examining the cold-pressedcblack walnut 
oil, Jhe following physical and chemical constants were obtained. It 
is limpid, of a straw-yellow colour, possesses a pleasant, agreeable, 
walnut-like odour and taste, becomes turbid at 12° C., has a specific 
gravity of 0'9215 at 15° C., saponification number, 190'1 to 191'5; 
acid number, 8'6 to 9; ether number, 181’6 to 182'5; Hehner's 
number, 92’77; Eeichert-Missel value, O'OO; iodine value, 141'4 to 
142’7; melting-point of fatty acids, 20° C. 

The drying qualities are excellent, equal, if not superior in this, 
respect to linseed oil, leaving a tenaceous, flexible, transparent film. 
An artist, on using it, pronounced it a very satisfactory article for 
fine painting. 

By a German process patented by Th. C. Graham', I. H. Kellogj 
and W. K. Kellog, D.E.P. 109,237, the oil is extracted from the nuts 4 
by roasting them between 150° and 180° C. (302° and 356° F.), the 
shelled kernel being made into a paste and mixed with water at 55° ,C. - 
(82 litres of water to 100 kilogrammes of nuts when the oil floats to 
the surface). 

Wbod Oil. Standards for South China Wood and the Basis on 
whiuh they were Elaborate. —Frank Brown, formerly Government 
analyst, Hong Kong, procured a quantity of genuine nuts from * 
Wuohow, Kwangsi Province, and a certain quantto of oil v&Sf, 
Extracted by pressure ohly. Specinaens of the.nuw andbof tha 
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extracted, oil were sent to several authorities in various parts of the 
world. .This,pure«oil had the following characters:— 


Specific gravity, 15°/15“>.. O'Sils!' 

Iodine value.167 

Saponification value.191 

Heat test.12 minutes 

Refractive index at 20° C.1'5206 

„ „ 15° C.1'5226 


At the time (1912) when the heat test was published there was no 
definite system of sampling the oil, and there were disputes, mostly 
with U.S.A. buyers, as to the quality of some of the consignments. 
These disturbances at last became so frequent as to seriously interfere 
with the export trade. The matter received the attention of the 
Association of Exporters and Dealers of Hong Kong, which, with the 
assistance of the local government, endeavoured to place the sale of 
this oil on a more satisfactory footing. Prom the characters of the 
pure oil extracted in the Government Laboratory jrnd from the results 
of numerous examinations of oils, which had been accepted by buyers 
as genuine and thoroughly satisfactory, the following specification 
was drawn up for South China wood oil 

“1. Colour and Impurities .—Chinese wood oil shall be pale in 
colour (according to season’s production), merchantably free from 
foots, dirt, and moisture. The total impurities shall not exceed 1 per 
cent., but, unless otherwise provided for, impurities not plainly adultera¬ 
tions up to 5 per cent, shall not justify rejection, but altowance shall 
be made by sellers for such impurities in excess of 1 per cent. 

“ 2. The refractive index of such oil shall not be-less than 1‘5204 at 
15° C. Minus 0’0004 shall be considered the correction for each 
degree C. above 16 to 35° C., which should be applied to the refractive 
index when such is determined at temperatures between the points 
stated. 

“ 3. The specific gravity at 15° C. shall not be less than 0'9400. 

“4. Ileal Test .—The oill shall satisfy the requirements of either 
Worstall’s,' Bacon's,' Browne’s (‘Chemical News,’ .July 12,1912— 
the period of setting in this heat test not to exceed 13 minutes), or 
Chapman’s (‘ Analyst,’ Deo, 1912) heat test. 

“Any sample of South China wood oil that^satisfies all the four 
tests above, namely. Nos. 1, 2, 3, and any one of the heat tests in 
No. 4, shall be considered to be good South China wood.oil free from 
adulteration.” 

Particulars of this specification were sent , by the Association to 
the responsible bodies in several countries, and at the same time 
opinions were asked as to any amendment desired. The replies 
received did not seem to indicate the necessity for any change in the 

' Described in the rules regulating business among members of the New 
York Produce Exchange in vegetable oils and fats not otherwise provided for as 
Amended on September 5,1912. 
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specification as described above. The Hong Kong Governipent then 
undertook the sampling and examination of the wl. This consists 
in drawing about 1 oz. from each ca^k of •oil offered for sale. The 
refractive index of each quantity is first determined, and any cask of 
oil with a refractive index under the specification figure is condemned 
for export purposes. The approvwl sainples^re then bulked and the 
gravity and heat test of the mixture determined. If the oil passes 
these tests the casks are sealed with lead seats, beivring a (Jovarn- 
ment impression, and are then ready fo’r shipment. The institution 
of this systen^ of sampling has proved most satisfactory. It has 
restored the sale of the oil to its former dimensions, it has raised its 
quality, and has put an end to vexatious disputes and expensive 
ai'bitrations. 

The following points may be useful to those examining this oil:— 
When the gravity is determined at a tem))erature other than 10“ C. 
it has been found that O'OOOtil is the corniction for 1 C. Thus a 
gravity of O'lMOl at (1. is 0'!}43d at 15710’ (1. 

PmpDsed Staiulaid Sjiecijifatii'n.hr Wood Oil and L 'nmcd Oil .— 
Proposed standard specifications as follows were included in the 
report of the Committee on Protective Coatings, presemtod at the 
eighteenth annual, meeting of the American Society for Testing 
Materials, held at Atlantic City on .lune 22 to 20, 1910: — 

Kaw Chinese wood oil shall conform to the following require¬ 
ments • 


• Physio* Pubmu al ('oxvrANrs. 

Muxiiiiutii. 

Miniiainn, 

Speciric gravity at ^ 0. 

0-013 

0*930 

AcidwiimbeV. 

() 

— 

Saponification number. 

105 

190 

Unsapomfiable matter, per cent. . 

0'7f> 

— 

Hofractivo index at 25 C. 

1 -520 

1-515 

Iodine number (Hubl, IH hours) . 

. — 

jr,5 

Heating teat (Browne's method), mina. 

. ' 12 

— 

Iodine jelly test, mins. . ^ . 

4 

— 

.. 


. - - - - 


CON.STANTS OF THltElO S.\AII'1,ES OF JAI'ANI5.SE OIL. 
• . (OUAPMAN,) 



Iwlnie 
; Kigiire. 

Dt-usily 

at 

jr.-S" C. 

' SajNUilfi' 
catfon 
Figure. 

R('fracti\’(j 

Index, 

'Kuie of 
Ktilux in 
Hwonda. 

1. Wakftsa . 

, 158-0 : 

• 

0-9S77 

l'J5'2 

1*6083 

1-230 

2. Idynmo . 

149-0 i 

0’9400 

l‘J3-4 

1 

1*5052 

1*620 

• 

3. Locality unknown . 

_ 

i 151-fl 

i 

0-9840 

; 19B'3 

1-5084 

— 


He(kt test, 2 hours at 250° fl.—1, soft; 2, soft; 3, very soft. • 
Japanese wood oil has been said to be obtained from Aleurites 
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v&rnkia., But on the authority of Chapman it is quite disiinct from 
the Cbinesq.oil, hoing mostly obtained from Paulownia Imperialit, It 
is said to resemble the Chinese oil in composition and properties bdt 
it does not solidify on heating to a high temperature. * 

The American Consul in Japan in his report (105, lOlT^states that 
“ An oil used in Japan in the manufacture of oil, paper, and paints and 
for illuminating purposes, is obtained from the fruit of a tree Aleurites 
Cordata (‘ Oil Paulonia ’). This tree had been growing wild in Japan 
until four years ago, when it was for the first time on a very small 
scale cultivated tor commercial purposes. The use of ti>e oil paulonia 
product has been known in Japan for a long time but has not yet 
acquired any commercial importance. The oil is extracted by the 
most primitive methods, drying, pounding, steaming, and crushing by 
producers on their farm. Japan’s output is about 1,600,000 bushels 
of nuts annually, from which 238,300 gallons of oil worth $110,000 
is obtained. None of this oil is exported. Shells and kernels crushed 
together give 36'1 per cent, of oil, while 48'85 qf oil is obtained from 
the kernel" (U.S.A. Consular Report). 

The Chemical Composition of Wood Oil Fatty Acids .—Wood oil 
contains from lOA to 10'6 per cent, of glycerol, 96 per cent, of insoluble 
fatty acids, and about 0'5 per cent, of insoluble matter (Jenkins). 
Cloez was the first chemist to examine wood oil. He found the fatty 
acids to contain a liquid and a solid portion. The first consists of 
normal oleic acid. The solid fatty acid, pressed through filter, paper 
free from the entrained oleic acid and then crystallised from aloohol, 
melts at 48°. Its combustion results and the analyses of its salts 
pointed to the formula j. Cloez named this acid elaeomargario 

acid and found 72 per cent, of it in wood oil. He found that it was 
very unstable, and that in the air it rapidly absorbs oxygen. Long 
after the date of Cloez’ researches, L. Maquenne examined solid wood 
oil fatty acid de novo. He termed it elaeostearic acid. On oxidation 
by EMn 04 (not in alkaline solution) he obtained from it azelaic acid. 
and n valerianic acid; instead of CijHjjOj he found the formula 
CijHjoOj. The iodine figure of wood oil imdioates that the greater 
proportion consists of an isomer of linoleic acid; but Walker and, 
Warburton, in brominating wood oil, in one sample found no hexa- 
bromide insoluble in ether, in a second sampie only b-38 per cent.. 
T. Kametka found that elaeostearic acid is not an isomer of linolenio 
acid but of linolic acid, CjgHjjOu. For the acid orystellised from 
aloohol he only found the melting-point of 43° to 44° C. By brominat¬ 
ing it in acetic acid solution he obtained a tetrabromlinolic acid, me4t-‘ 
ing-poifit 114° 0., and with the Hazura oxidation process, satLvic acid, 
tetraoxysteario acid and dioxysteario’,, Finally he states that the 
acidietill contained oleic acid, hence its low melting-point. Eitt found 
a Ijigher melting-point, 48° C., and that stearoleic acid with three 
linked bonds has this melting-point. On oxidation by nitric aoidt|ie < 
only obtained azelaic acid, with the Hazura oxidation proeesscAvety,. 
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tamall quantity of dioxystearic aoid.^also a water soluble %old melting 
in the crude condition at 97° to 102° C. 8. Foktn, bji eleotrolytio 
reduction, obtained stearic acid with thee^iucleus 0,,. A, Bathje 
extracted from wood oil both fatty acids, according to Warrentrap. 
The lead salt of elaeomargaric acid is insolubl| in ether, the extraction 
is not at. all sharp or well defined, as it is shown that Bathje found for 
the oleic acid instead of an iodine value of 90, ofte of 93 and the 
low melting-point of 43° to 44° C. Finally he found that wood oil 
fatty acids contains 75 per cent, of elaeosteario acid and 35 per cent, 
of oleic acid, whilst Cloez data gives 72 per cent, of solid fatty acids 
therein. 

R. Majima throws some light on the constitution of elaeosteario 
acid, the melting-point of which ho gives as 48" to 49° (3. (118'4° F.). 
In am atmosphere of carbonic acid under a pressure of 12 mm. the 
elaeosteario acid boils leaving, about 23.5° C. (4.55° F.), 11 to 14 per 
cent, of a brown amorphous mass. The purified acid was dissolved 
in chloroform and ^ozonised in a freezing mixture. The result 
was a yellowish semi-solid, which on combustion gave an ozonide 
of the formula On boiling with water it solidified. The 

water 8how(jd the HjO.^ reaction, and there was isolated therefrom 
valeric aldehyde aiai the serai-aldehyde of azelaic acid, n valerianic 
acid, azelaic acid. The formula of elaeosteario acid is therefore 
CH,(CHj).,CH(CH,^)jCII. CH(CH,).COOH. 

It has, therefore, likelinoleic acid, the central double Imnd, not be¬ 
tween tke 6 and 7, but between the 5 and 6 group. 

TABLE SHOWING THE CHEMICAL AND PHYSICAI, CONSTANTS OP 
TWO SAMPLES OP CHINESE WOOD OIL AND THEIR PATTY 
ACIDS. .SAMPLE I. DIRECT PROM CHINA; 11. FROM FIRM OP 
CARLOWITZ IN HAMBURG. (KITT.) 


Oils 

1. 

!I. 

HI. 


Sp^ifle gravity at 15° C. 

* 0-!)413 

0-9439 

II. Rolldiflod 
by light 


SaponificatioQ value 
louiae value . * . . _ 

Acid „ . . r 

V A 

190-7.191-0 

167*5.158-4 

3*9 

190-1M9I-4 

164-0 

6-95 

191-0-191-8 

165-2-161 


• Fatty Acids 

• 

I. 

n. 

III. 

IV. 

Meltang-^int 

36.89-6°^;. 

■ 

85*5-40 

41-46 

' Blown at 
150-180° c;, 
2hoaM 

Neatcaliaation value . 

197-3-197-8 

196-4 

198-8 

199-8 , 

Treld of insoluble . 

82 • 

86 

— 


Ic^ue value . ! 

— 

169-5 

107-6-108-4 
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The chemical and physical constants of the above two oils are given 
under A)ils I, andell. That given under oil III. is oil II. solidifi^ by 
exposure to light. The data given under fatty acids I. and Lt. refer 
to the original untreated oil. The figures under fatty acids 11*1. refer 
to fatty acids from oil II. after the oil had been heated in a porcelain 
basin, and stirred by a t*nermometer until at 282° C. it solidified. The 
gelatinised mass only dissolved partially in benzene, but alcoholic 
jjotash completely saponified it. The separated fatty acids were dark 
brownish-yellow, with gi'een fluorescence. After some days they 
solidified to a crystalline mass. „ 

W. G. Scott states that: " Assuming the viscosity of raw linseed oil 
as 4'000 compared with that of water as I'OO, wood oil will have a vis¬ 
cosity of about 20, and the oil is really about five times as thick ”. 

WomI Oil Solklifyimj-jxnnt. —The fresh oil solidifies at 2“ to 
•f 3° C., but does so only after the oil has been exposed to the freezing 
mixture for 4 hours at least. Oil kept tor six months by De Negris and 
Sburlati by cold expression began to solidity at - 18° C. Again Cloez 
cooled wood oil to - 18° C. without it becoming turbid, and .lenkins 
confirmed Cloez’ results with his two samples. 

Index of llefniction. —The retractive index of wood oil was found 
by .lenkins to be 1-503 at 19° C. with sodium light. 

Optical Dei'kUion.—Wd. 

Viscosity. —The two samples of oil analysed by Jenkins took re¬ 
spectively (1) 858 and (2) 1453 seconds to flow from Redwood’s 
viscometer at fiO’ F. An equal volume of water required 28 seconds, 
whilst pure rape oil took 470 seconds. There is an unacooilintable 
difference betw'een .lenkins’ results, which Jenkins explained might be 
duo to partial polymerisation of one of the samples. 

The Physical Properties of Wood Oil. Specific Gravity. —Wood 
oil has the highest specific gravity, viz. about 0-940, of any vegetable 
oil, except castor oil or croton oil. This high gravity is about 0-008 
higher than ordinary raw linseed oil, and even approaches that of 
fire-boiled oil, or to be more exact, it would be better to say that, 
the specific gravity of tire-boiled oil approaches that of wood oil. 
The specific gravity of all Chapman’s samples are more or less above 
0-940, and not one of them under it. But De Negris and Sburlati 
both report samples much under 0-940 (0-936)? De Netjris and Fabria 
0-9343 to 0-9385. The wide differences in the recorded gravities are 
perhaps due, on the.one hand, to the oils not being dpriived from the, 
same species of Aleurites. Oxidation also increases the gravity. . 

The odour of the Chinese wood oil is a very peculiar one i^pd- 
adheres to the diy coating made with it; it adheres so strqpgly that 
it is plainly noticeable even after oilcioth-like goods dried in hot air 
for^ionths, the same as oilcloth will always, even after years, smell 
of linseed oil. Naturally, this peculiar lard-like odour also shows* 
itself with the varnishes produced from the oil, and it therefore bet, 
J comes necessary to remove it by some process. 
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In the mahufacture of leather, waxcloth, and linoleum, an odour¬ 
less aud cheap TOrnish, which will dry very quickly, it; a prime 
desideraSum. Until lately dry linseed oil was the favourite substance 
used, (5f late, howewer, wood oil has been Vied, and gave highly 
satisfactory results in respect of drying qualiyes, but had the gi-eat 
drawback of possessing a very disagreeable smell, due to its auto- 
oXidation products which are more and more intensive in the air. The 
following four methods were tried by Ulzer with a view of removing 
this only obstacle to its replacement of drying oil which is consider¬ 
ably dear; 1. Extraction of the odorous bodies hy solvents. 2. Ex¬ 
traction of the odorous Iwdies (which are. possibly aldehydes and 
ketones) by sodium bisulphite. 11. Treatment with substances at the 
same time bleaching and deodorising. 4. Treatment with au)>erhoated 
steam. 

1. The solvent principally tried was alcohol, in strengths of 20 



Flo. 114.—Oxygen absorption, per cent, by weight of wood oil. 

and 40 per oent. When the oil had separated out after having been 
shaken up with the spirit, it was dried in a stream of warm carbonic 
acid. It is true that the disagreeable smell was diminished, hut the 
results jvere unsatisfactouf', even without regard to the cost of the 
method. 2. Deodorising by liedticiwj Ai/iints. —This method was tried 
by boiling the oil for 6 hours with twice its volume of a 10° B. solution 
of sodium bisulphite with a reflux condenser. The oil was then 
, washed with water from the excess of bisulphite. Its evil odour was 
not then appseciubly leas. This show’s clearly that the malodorous 
substances present are neither ketones nor aldehydes. 3. Deodorising 
Ify Animal Charcoal. —Animal charcoal, silicate of magnesium, and 
the'residue# of the manufacture of potassium ferrocyanide were tried, 
"Vithout success. 4. Deodorising by liUming with Superheated Steam. 
—By this method very interesting results were got. The first trial oo*i- 
^isted in blowing superheated steam at 130° C. through the wood oil for 
8»hours. The nasty smell was perceptibly lessened, but the oil partly 
8olidified«3n cooling. When the 3 team was used at 165° C. a marked 
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diminution of the, bad odour took place, even in 2 hdurs, and in 5 
there was, veryJittle smell of any kind, what there was being; much 
dike that of linseed oil.» In 12 hours the oil had begun,tc deposit 
and had regained some of the disagreeable odoun This recrudescence 
•of the smell was, however, only slight when the oil was cooled with¬ 
out contact with air, 8*nowing that the action of atmospheric .oxygen 
has probably something to do with the formation of the evil-smelling 
•substances. 5. Deodwising by Air Blowing .—Attempts to conceal 
the bad odour were made, especially with birch-tar oil, but were 
quite unsuccessful. . 

Bang and BufiSn claim to completely deodorise the oil by blowing 
for 6 to 8 hours at 50“ C. 

CHEMICAL' AND PHYSICAL CONSTANTS OF WOOD OIL. 


(Refractive Index, 1'503.) 


Olw«rver. 

Dennitv 
iit 15^ C’. 

Solidificatiou- 

jxnnt. 

Heiiuer*s 

Value. 

SaponiS- 

oation 

Value. 

Iodine 

Value. 

Davies and Holmes . 
De Negri and Sburlati 

Jenkins ■. . | 
Ulzer .... 
Williams . . | 

0"J40 

0-l)3l> 

0-9343. 

0'‘J385 

0’9415- 

0-9432 

J below-17°C. 

} - 

96-96'4 

96'8-96-6 

211 

156-172 

194 

194 ■ 
y 190'7 
{ 196-1 

159-161 
' 149-7- 

165- 7 
162 
155-4 

166- 6 


FATTY ACIDS. 


i 

Observer. 

Meltiug-pouit, 

®C. 

1 

SoluUticatiou' 
poiut, ^ C. 

1 lodiie 

1 Value. 

Heat of 
Bromiuatlon. 

De Negri and Sburlati . 
Jenkins .... 
Williams. 

43-8 

80-37 

40-49-4 

31-9 1 159-4 

84-0 i — 

87-1 144-1-150-1 

!-1,- 

21-22-1 


Until lately the only literature on wood oil consisted of short papers 
by Davies and Cloez, but a large number of workers have recently 
busied themselves With this product, such as Holmes De Negri and- 
Sburlati, Jenkins, 'Williams, Fraps, Jean, Kitt, Milliau, Qhapihari, 
and others. 

Their results are so far given in the table. 

•* A. Chapman has recently given the analysis of seventeen 
samples of Hankow wood oil, which are reproduced in the following 
.table;— 
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CONSTANTS OF WOOD OIL (CHAPMAN^. 


Siunple 

No. 

• 

Iodine 

Value. 

SpeciRu 
Oravitv 
at 15-6'’ C. 

Saponill- 

cation 

Value. 

liefraetive 
InUex at 
20'’(’. 

*^^ime of 
Efflux, 
^ouds. 

Heat Polyuieris*'' 
tion Teat, 1 Hoar 
at 230® C, 

1 

lCO-9 

0*9410 

100-6 

1-5207 

2178 

Very h&td. 

2 

168-4 

0*9406 

193*8 

1-5181 

1636 

Hard. 

3 

166-5 

0*9426 

194*3 

1-51!* 

1946 

Fairly hard. 

4 

166-4 

0-9417 

193*0 

1-5170 

1880 

*1 

5 

168-8 • 

0*94:30 

195*6 

1-5105 

2017 

Verj* hard. 

6 

170-0 

0*9440 

194*5 

1-5180 

1849- 

Hard. 

7 

168-6 

0*9416 

193*0 

1-51.50 

— 

Fairly hard. 

8 

171-0 

0*9414 

192*0 

1-5176 

— 

llard. 

9 

109-7 

0*9437 

194*1 

1-5170 

1997 

„ 

10 

173-0 

0*9420 

192*6 

1-5165 

1722 

•» 

11 

176-2 

0*0417 

;92*0 

1-5168 

1606 


12 

172-6 

0*9420 

196*0 

1-0180 

1740 


13 

174-2 

0*9427 

191*0 

1-5182 

1690 


14 

173-7 

0*9420 

196*0 

1-5104 

1820 


16 

172-8 

, O-9-ftO 

194*0 

1-.5103 

20-f7 


16 

169-5 

0*9420 

195*2 

1-6160 

1804 

Very hard. 

IT 

1 169-0 

0-9433 

195*2 

1-6187 

1B*20 


There appeared recently a paper l)y Dr. 0. D. Holley and J. P, 
Bichards upon Chinese wood oil, in which they state that examina¬ 
tion of a large number of samples of this oil during 1916 has proved 
that a High pjoportion were adulterated, but those which were 
passed proved to be very uniform in quality, the “ turning-point ” 
(i.e. abnormal dispersion) being 20 to 21, which is considerably 
higher than those shown during the three preceding years. The 
authors state that if the “turning-point" and the acid value of an oil 
be known it is comparatively easy to predict its behaviour in the 
varnish kettle, the high “ turning-point ” oils being by far the best for 
this treatment. The “turning-point” test, as worked out by the 
authors, is regarded by them as far superior to any form of heat test 
or other method of testmg quality. The improvement of testing, 
especially the tact that the purity of an oil can be put on a numeric^ 
basis, led the authors to the conclusion that probably still purer oils 
having higher • turning-points” might be obtainable, j^rhaps ap¬ 
proximating to the pure oleoinargaric acid glyceride, which, accord¬ 
ing to their investigations, has a turning-point of 25 to 25 5 at 25° C. 
'With this idea in view, several samples of the purest wood oil obtain- 
►ahla were got direct from China, and on examination the authors’- 
•view proved to be entirely correct, as shown by the following 
.table:—* * 
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Acitl Value. 

TuniiDg'pomt 
at25®C. ' 

' 

1 . . . . 

7*3 

28-6 

2 ... . 

2*5 

20-5 

3 . . 

3-7 

23-9 

4 . . . . 

7*6 

22',8 

5 ... . 

1-4 

24-9 

Q ... . 

6-6 

22-5 

Average . 

— 

28-0 


A comparison is also made of three of these oils with an average 
1913-15 oil by a slightly modified Browne heat test, the temperature 
of heating being 282'' G.:— 



Oii. 

Timiing- 

' Acnl Vahu' 

Hftat Test, 
'J'ime of 



{Miint. 


Solidificatiou. 

1 

1918*15 

15ii 

2-1) 

10 min. 55 sec. 

2. 

1913 

20-0 

2-5 

10 min. 

3. 

Special 

28-(; 

7 •8 , 

10 min. 15 sec. 

4. 


28-il 

3'7 

8 min. .55 sec. 

5. 

n 

‘20*5 

2-5 

10 min. 


It is clear from these tests that the timi ixsiuired for gelatinisation 
varies inversely as the turning-point, and. with the turning-point re¬ 
maining constant, the time varies directly as the acid valde. The 
behaviour of the oil in the kettle thus depends mostly upon the turn¬ 
ing-point and to a leaser extent on the acid value. Now that ade¬ 
quate methods of examining Chinese wood oil have been devised, 
there is every reason to believe that better qualities of this oil will be 
supplied than was formerly the case, but the writers are of opinion 
that the methods laid down by the American Society for Testing 
Materials are inadequate, seeing that they allow oils adulterated to 
as much as 15 per cent, to be classified as pure oils. 

■ A quarter of a century ago Chinese wood oil or tung oil from 
Aleurites Fordii was almost unknown to European or American 
varnish-makers and oil-boilers. Two decades ago it tame more often 
than prior thereto on the European markets, and eventually it reached 
America, where it was adopted forthwith, and so far ijiaije its way that 
much of the special technical literature of the subject, if not the 
whole, is of American origin. Both in America and Great Britain-,im-- 
porters have vied with one another in striving to find new markets 
for the oil, yet there are many interested persons who even now have*- 
ne adequate conception of the peculiarities and all-round usefulness 
and possibilities of this oil. For three decades its peculiarities havf 
been investigated by many chemists, and so successful have the^ iitr 
vestigations been that at the present day it may well be gaid that 
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these peouliarities have all been brought under control. Tlje unruly 
•oil has been tamed. Abortive attempts have been mjde to acclimatise 
the treg from which the nuts that yield the pil are obtained, f he ex- 
perim^ts somehow did not succeed. In Chftia it is used as an illu- 
minant and for fuel, but its consumption is cliiefly as a varnish for 
boats (junks), houses, and furniture. It is dlso largely used in the 
varnishing of the native umbrella, and in tbe manufacture of water¬ 
proof cloth, whilst it is practically a necessity in the manufacture of 
the finest silks. Of late years it has e\t'n l)een used in the building 
of forts, forming with lime, sand, and clay a material almost as tough 
as granite. In the western provinces tbe oil is adulterated to lessen 
its cost and to bring it into consumjition for "coarser" purjoses. 
Owing to the distance which the ]iroduot has to he brought to export 
ship, the great cost of repacking (an ahsolute ni'C(«aity) and fj-eight, 
its lay down price is heavy. 

The oil, particularly when freshly jiressed, is somewhat poisonous, 
so also are the nuts and kernels. This is well known to the Chinese. 
The cake is therefore’calcined to lamp-black. It cannot very w<‘ll be 
burnt to ash, hut what is done with the charreil I'esidue is not known ; 
possibly it too is used in making India ink. ;\t any rale, the cake 
cannot be u^ed as a feeding-stutl, although it might ])Ossihly he used 
as a manure. 

According to a United States consular rc]iort, the Chinese oil tree, 
to which the writer of (Jiat leport erroneously gives lh(! botanical 
name o^Ateur^es Corctala, belongs to a fanuly very common in China, 
to which the name of tung is givini. The oil tree itself is called 
Yin(j-Uu4iimj, so called after the shai)e of its fruit, ying, meaning 
bottle. It is a small tree, growing to a height of 10 to 15 feet in 
stony ground and chiefly in Hunan, Iluleh, and S/.echuen. The tree 
has been successfully acclimatised in the Soulhern Shan States, be¬ 
tween 1500 and 3000 feet in altitude, and to some extent also in 
Burmah, Assam, Sikkim, and Nejial, It is freipiently met with near 
Buddhist monasteries, though in some localities it apjiears to have 
escaped into the neighbouring jungles. It is said that in the Southern 
Shan States the tree gfows quickly and is easily propagated from 
seed. A tree 5 years old attains a height of about Ifi feet, and when 
8 to 10 yearscold coines into full bearing. The fruit ripens in the 
'Stan States about October or- aliout 3 months later than the fruit of 
the candle-nut tree Aleurites trilobii. It is behoved that, were a re¬ 
munerative demand to arise, in a very few years the supply of wood 
joil.’from the Shan States would be limitless. In China the fruits, 
wfiich are gathered in August and September, contain five to seven 
large poisonous seeds. Of the .lapanese wood-oil tree it is said that the 
tree flowers at the end of May or beginning of .June. The fruit ripens 
lin autumn. Three to five seeds are contained in each fruit, which is 
^mething like our walnut. They'afford an oil to the extent of 37^ per 
cent., v^ich is cold-pressed in ordinary practice to the extent of two- , 



iUrdei of the poeliUe yield. '!S?biti oil ie hhomi in Japan hy«>filie 
of Dohuyemaburp,, and serves for filling the pores of wood before it iai' 
coated' witlf lac, or it is used when desired to protect wood against*^ 
moisture. ' , ’ " 

From information procured from the Southern Shan States 
appears that the tree ie fairly plentiful and the oil regularly prepared: ‘ 
although the demand is but limited. It has been estimated that 'the 
nuts of each tree might yield 60 ounces of oil. The kernels are first.' 
pounded, then steamed in a basket placed over the month of a pot in 
which water is boiled. The basket is next placed \\ithin a piece of 
bullock’s skin, and the whole deposited in the oil-press and compressed.. 
The oil escapes into a vessel placed below for its reception. It is 
much more highly appreciated than candle-nut oil from Aleurites 
triloba. It is known in Kengtung as Makyauhkai and near Fort. 
Steedman as Kangyin. In China the oil is said to be obtained in a 
similar manner to earth-nut oil. The nuts are collected, dried, and 
placed in an ordinary Chinese reiskwo (a shallow iron vessel 2 feet in 
diameter) which is put over an open fire. They are then gi'ound to 
powder by stones and pressed in wooden presses. The substance that 
is left in the press is afterwards carefully calcined, and the soot so. 
obtained is used in the manufacture of the so-called India ink or 
Chinese ink. 


ANALYSIS OP WOOD OIL NUTS. 
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The nuts when cold-expressed yield about 35 per cent, of a clear 
colourless oil and about 44 per cent., on extraction with a solvent^ 
carbon disulphide. De Negri and Sburlati give 53’25 as the yield by 
extraction by solvents and 42 per cent, by cold expression. Hot 
expression gives a better yield at the expense of the quality of the oil,' 
which is brown with a piercing unpleasant smell, and is not so mych 
appreciated on the market. 

Cloez states that the oil extracted by him was odourless, but ^he. 
oil obtained by De Negri and Sburlati by cold expression had a pe^ 
onliar smell, like that from second-pressed castor seed. 

The crushing of wood-oil nuts has unfortunately not yet been done 
on a manufacturing scale in Europe, as there seems to be some doubt; 
both of regularity of supply and value of press-cake. ' s 

There are no reliable statistics of the Chinese wood-Oil nafharfestr 

*. . M ' 
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In 1899 Hankow and other Chinese ports exported about 30,000 tons 
of wood oil, and it is considered that China herself inses <louble that 
quantity. This would make the total output^of oil alx>ut 90,000 tons, 
and of nuts about 160,000 tons. The nuts themselves are not ex¬ 
ported. It seems fairly certain, however, that a real demand would 
soon be followed by an increase in the cultivation of the nut. The 
well-known variability in the quality of wood oil is due on the one 
hand to its coniinfi from different species of Aleiiriles, which are as 
yet imperfectly known, but many of which are confused with Aleurites 
Fordii, the true source of Chinese wood oil, and on the other hand to 
the very primitive manner in which th(^ Chinese extract the oil. The 
exporters at Hankow recognise three sorts: pai-yu, hsin-yu, and 
hunK-yu, but do not themselves know whether the differences are due 
to different sources of ori"in or to one beinj^ a lirst, another a second 
pressing, or one lioing hot pressed and another cold pressed, or Other 
differences having existed in their treatment. The investigations, the 
results of which ar% given below, were carried out with a small 
quantity of nuts, of which the exact locality of origin is unknown, 
except that it is Chinese. A slightly modified form of arachis-sheller 
was found U) extract the kernel perfectly, and the kernels we.re, 52 
per cent, of the weight of the whole nut. The shells are of no value, 

_ and this is a matter of great importance, for it is evident that freight 
would 1)6 saved if the nuts were shelled in China. It is true that the 
kernels^are very prone tef become rancid whe.n deprived of the jirotec- 
tion of- their •hell, but they would not suffer during the voyage if 
packe!! air tight. The kernels gave 58'7 iier cent, of oil by extraction 
with ether. .A pressure of 3.50 atmospheres on the other hand, at 
28" C., only gave 43'0 per cent. The residue from this pressing, 
.when broken.off and again subjected (between rollers) to a pre.ssureof 
350atmospheres at 65" C.,gave ]()'7 ])er cent, of the 15’7 jier cent, still 
remaining. Thus the total yield was 53’7 out of a jiossihle 5H'7 per 
cent. Hence the yield reckoned on the whole nut is 22’36 per cent, 
on the first pressing, and 5'06 per cent, on the second, with 2-1'08 per 
cent, pf oil cake. The /il from the first pressing was a pale yellow, 
and that of the second a pale orange, and more viscid than the first. 
The constants of both oils agreed substantially with those already ob- 
. tained by other investigators. It was found, however, that by picking 
Ihe nuts before pressing and rejecting any that showed any sign of 
rottenness, the^acid number of the oil of the first pressing could be 
brought down to 0’9. The oil has also no longer the disagreeable 
chiaracteristic wood-oil odour, and can be kept for weeks in a well- 
ptoppered bottle without developing it. If exposed to the air, how¬ 
ever, it quickly acquires it. Ttiis seems to confirm Ulzer’s opinion 
that the development of the smell is a result of oxidation. But ^s- 
sibly the oil could easily pass through a sea voyage, in well-filled and 
•cloeely stoppered vessels, without acquiring any of the disagreeable 
odour.* The press-cakes are very_ poisonous, and contain 53 per cent..* 
VOL- I. 31 
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of protein and 12'1 per cent, of fat. The Chinese use them for 
manure, and als6 burn them for the manufacture of lamp-black. If 
some means could be discovered of extracting their poisor4)us in¬ 
gredients the high percentage of protein which they contain would 
make them an excellent, fodder. 

To the importers the package question has been a serious one, 
as much loss resulted in transportation, the loss by leakage amount¬ 
ing to as much as one-tlyrd. In order to overcome this, one 
firm of New York importers sent staves, heads, and hoops for 6000 
barrels to Hankow to be put together, and filled with the oil there. 
With American firms entering into competition in its importation, 
improvements in service and more regularity, in the way of supplies, 
may be looked for, the shipping and importing having heretofore been 
in German and English hands exclusively. The quality of the oil 
is defined by the term Hankow and Canton China wood oil, the latter 
commanding higher prices by 10 per cent. 

Light alone, without air, is said to cause jvood oil to dry. Ex¬ 
posed to light for some time, the length of which depends upon the 
time of the year, wood oil slowly becomes solid. At first there is a 
deposition of solid stearine-like particles, but in time the whole 
mass solidifies; at the same time the oil loses its yellow colour and 
turns white. On heating, the solid melts, but reforms on cooling. In , 
thus solidifying on exposure to light, tnng oil differs from other oils. 
Poured in a thin film over a glass plate, wo6d oil takes about 2 days 
to dry, being, therefore, quicker in its drying capatity than raw 
linseed oil, which takes about 3 days to dry. Unlike other drying 
oils, wood oil does not dry from without inwards, but the process goes 
on simultaneously through the thickness of the coat of oil. The dry 
film left by Chinese wood oil has a different appearance to that left 
by linseed oil; it is duller and more opaque, which is rather against 
its use in painting, and, besides, the coat or film is crinkled and rough. 
Linseed oil leaves a smooth and bright film. This opacity appears 
to be due to the presence of large percentages of mucilaginous and 
albuminous matter, and at low temperature’, the oil becomes,waxy, 
settling out organic salts similar to the stearates. On account of 
this peculiarity it cannot, like linseed oil, be used in the raw or crude 
state and requires special treatment, but, eveu then, it must not be 
considered as a substitute for linseed oil for use in paint, and tn 
the manufacture of varnish, but rather as a valuable adjunct to prompt • 
thickening and other important drying properties. 

Wood oil is well adapted when properly handled for mixing with', 
linseed oil, the latter component giving elasticity and the former 
hardness and resistknoe, as well as an increase in drying properties. * 
When heated to 200° it thickens; at 260° to 280° C. the oil gelatinises, 
but the jelly does not stick to the fingers. It should therefore not*^ 
be heated above 180° C. 

Heating Chinese wood oil appears to have no material iflfluenoe 
in accelerating its drying power. 
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The behaviour of Chinese wood oil under heat is peoiAiar, and 
sharply differentiates it from other oils. Maintained at*a tefhpera- 
ture of*212° F. for some days, it slowly gelathiises, the jelly, which is 
formed, not being liquefied by heating. Heated up, it, like all other 
oils, becomes thinner and more limpid; it dws not darken so much 
in colour as linseed oil; heated to alx)ut 550° to 560° F., it sets almost 
immediately into a tmnsparent jelly, which is permanent on ex¬ 
posure to the air, and has an appearance and consistency recalling 
tiiat of india-rubber. This jelly is not melted by subsequent heating, 
and it is quit? insoluble in hot oil, benzol, turpentine, petroleum 
spirit, alcohol, and similar solvents. 

Boiled wood oil, if prepared at a low temperature and without the 
addition of driers, is always more viscous than linseed oil. In laying 
it on a surface, therefore, it is more diflicult to get a thin layer. A 
surface varnished with wood oil which is too thick, has more of the 
varnish on it than is necesBai 7 . The surface of this layer dries 
quickly, and having hehind it the still liquid ]iortion, is enabled to 
draw together and wrinkle. This does not hapjx-n when the layer is 
thin enough to diw through. For this reason, in using wood oil varuish, 
it is essential to note its thickness, and if necessary thin it down with 
turps. The same thing may he noticexl with linseed oil varnishes, if 
• not properly thinned, or too thickly laid on. Too large a proportion 
of driers also causes wripkling for the same reason as the excess of 
driers thickens the oil. 

TABLE*SHOWING THE ACTION OP HEAT AT DIKPERENT TEMPERA- 
TORES AND FOR DIFFERENT PERIODS OF TIME ON THE 
UHEJfICAL CONSTANTS OF WOOD OIL, AND OF WOOD OIL 
MIXED WITH A CERTAIN PROPORTION OP LINSEED OIL. 
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The 5il does not appear to possess much solvent properties for 
driers,‘espSfcially^or the linoleates and rosinates of lead and manganese. 
Driers may be preparedr from the oil preparations of lead a& man¬ 
ganese, similar to linoleates, which act more efficiently with linseed 
oil than any other ptieparations. The use of these preparations 
has been described in an English patent, where they are called 
“ tungates 

On heating wood oil wii'.h rosin only, the acidity of the latter is 
affected, but that is greatly decreased, whereas, the acidity of a mix¬ 
ture of linseed oil and rosin is increased. " 

TABLE SHOWING DECREASE OF FREE ACID PER CENT. IN HEAT¬ 
ING A MIXTURE OF ROSIN AND WOOD-OIL. 

Frci- Aciil, 

JH*!' Out. 


Wood oil.ll-O 

„ heated to 200° C.10-7 

„ „ to 24.5° C.. 7-.5 

Rosin heated to 300° C.. 298-2 

,, and wood oil heated to 300° C.65-4 


In heating wood oil for the purpose of making vaVnish, it must 
always be borne in mind that the temperature must never exceed 
180° C., as the oil then gelatinises and will not mix with the other 
ingredients of the varnish. But with cafe, the result is invariably 
extremely good. If the oil be heated with a drier and then thinned 
with French oil of turpentine, the result is always good, althoiigh pro¬ 
longed stirring is neoessai-y. Experiments have shown that borate of 
manganese is not a suitable drier for wood oil, but borax answered 
extremely well. Mixtures of wood oil and linseed oil were also tried; 
the varnish dried in 24 hours on glass, and after a little became per¬ 
fectly hard and transparent. But when the dried varnish was ex¬ 
posed to the weather, damp, dew, and’ rain, loosened its adhesion— 
which was, however, fully restored by exposure to dry air or sunlight. 
On wood, the varnish resisted very much better, especially when 
mixed with zinc white. The following are lypical experiments made 
on wood oil: (a) Fifteen pounds of wood oil having been warmed up, 

6 lb. of lead acetate were added to it, a little at a time, the heat being 
kept up until solution was complete. Ten pounds of gum resin Vvere 
then aMed, and when this was melted the varnish was thinned with •• 
10 lb. of French turpentine oil. The varnish so pre^iared dries in 10 
hours. A coating of it on tinplate, which was then steeped in a 
solution of sodium carbonate for 24 hours, was not affected, exebpt,- 
as regards its colour. The latter was made somewhat paler, but tlie,^ 
adhesiveness of the varnish was not diminished. Varnishes made 
with linseed oil and subjected to the same treatment were practically, 
destroyed by the alkaline solution, and could be afterwards removed 
without difficulty, (b) Ten pounds of rosin were melted up with' S l6. 
of borax. On to this mixture 15 lb. of wood oil were pou^ld. The 
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■whola was then heated up and mixed with 20 lb. of French tifrpentine 
oil. The varnish thus obtained dried rapidly for the*fir8t hour, 4)ut as 
soon aa the turpentine had all disappeared flte rate of drying became 
very much slower, and after 15 hours the varnish was still sticky. This 
seems to indicate a good varnish for gilding. ,The varnish was com¬ 
pletely dry in 48 hours, (c) This experiment resulted in a very good 
varnish, which, however, requires very great care in its preparation. 
Fifteen pounds of wood oil were mixed,with 2 lb. of “gum" resin 
and driers, and the mixture was lieated to frothing. Then 10 lb. of 
rosin were addbd, and when the latter was molted the heating was 
continued to as high a temperature as possible without gelatinising 
the wood oil, careful stirring being kept up until the liquid began to 
stiffen. The vessel waS then removed from the fire, and 40 lb. of 
French turpentine oil were carefully and thoroughly stirred into its 
contents. The varnish so prepared looks a hit turbid at first, but be¬ 
comes quite clear within 14 days. S]>read on glass, it dries to a hard 
and elastic coat in 8 hours or 10 at the most, and on wood it dried 
in 5 hours. When applied to glass it had a fine lustre, and was en¬ 
tirely transparent. Any resin can bo used for this varnish provided 
' its melting-iJoint is below 180’, as is, for example, the case with soft 
manilla copal. (Vf) The varnisli made by this jirocosB would suit ad- 
I mirahly as a thinning medium for stiff paint. The ingredients were 
15 lb. of wood oil, 15 11). pf linseed oil, and 4 Ih. of )osin. After the 
usual hsaling, the varnish is thinned with 20 Ih. of French turpentine 
oil. Tihe varn?sh so prepared dries within 24 hours. As alxivo men¬ 
tioned, its adhesion is destroyed by damp. In spite of containing 
linseed oil it always retains a whitish tinge. 

The peculiar property of wood oil for thickening to a jelly-like 
substance when heated to about 300° (h, and its tendency to dry with 
a flat, “crawly" surface are well known, likewise the removal of this 
objectionable property by the use of rosin or linseed oil. It may be 
used alone if very carefully treated, but must be handled with great 
caution, or mishaps will occur. Its present crude method of extraction 
seems* to give a rathei^ variable product, and it cannot be always 
depended upon to behave at all times in exactly the same way. 

Manganes% rosinate when lioiled with wood oil in generous pro- 
■pprtion gives very salisfactory results in preventing flatting and 
crawling. The following formula is recommendesl as giving a cheap 
' but very line w’earing varnish of good colour 
. ’250 lb. China wood oil, heat to 200° 0., allowing no increase above 

■ this temMrature. Add 8 lb. manganese rosinate fused and boil to 
flesired consistency at 200° 0» Add 80 lb. hardened rosin fused. 
When cooled to 125° C. (257° F.) add 250 lb. benzine. ^ 

t If water-white rosin is used it will give a still paler varnish. 
li properly made this varnish Will dry quickly and hard, and stands 
ouwide exposure’in a remarkable manner, though the percentage of, 
rosin is small. Hard zinc rosihate may be used instead of hardened 
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rosini to produce a quicker, harder drying varnish, and is said to give 
splendid r.8uU8.‘ A much cheaper varnish is produced by the 

following formula < ‘ 

250ib. China wood oil. 

f.8 lb. manganese rosinate. 

400 lb. hardened rosin. 

4.’i0 lb. benzine. 


Treat as before. , , .j 

This cheap grade varnish, it is claimed, will stand ovtside exposure 
for two or throe months before showing any signs of deterioration. 

It has a splendid gloss, and on the whole is very satisfactory looking 

at the low cost. t . 

An excellent grinding japan may be made as follows. 

250 lb. China wood oil heated to 200° C. , , • , 

Add 20 lb. manganese rosinate, and heat at 200 C. to the desired 

consistency. . ,, ■ . j 

Add 100 lb. zinc rosinate, heat until thoroughly incoiporated, 

withdraw from fire and allow to cool. 

Add 400 lb. of turps. • 

A good cheap furniture and rubbing varnish can be made by- 
mixing 2 lb. of the above with 1 lb. medium heavy gloss oil. and , 
a satisfactoiy floor varnish by mixing 4 lb. of the above with 1 lb. of 

^ The relative proportions of turpentine or benzine us thinners m 
the above varnishes can be varied at will, but on the whole, they 
contain so great a percentage of oil, that a large proportion o thinners 
is not necessary to make them brush nicely and flow smoothly. 

The peculiar flatting property of wood oil has been utilised to make 
flatting varnish without the use of wax. A very prominent American 
brand is produced by the following formula; Emulsify- 10 ga ons 
China wood oil by boiling in an ordinary varnish pot with 11 gallons 
water in which is dissolved 8 lb. soda ash and 1 lb. granular caustic 
soda. Dissolve in a separate vessel 20 lb. alpm in 20 gallons.,yvater. 
When the oily mass drops heavily from the stirrer, add 22 lb. rosin, 
powdered so as to melt quickly. After thorough incorporation, add 
the alum solution, which will cause the whole mass to separate on 
stirring. Allow to stand overnight, run off all the water possiblfe, 
heat until the remainder is driven off, and dissolve. residue in lO 
gallons turps. To produce the flatting varnish, mix this with equal 
parts of manila or kauri varnish. Many technical writers agree that 
this oil will become of greater importance in the near future; t^ 
much stress cannot be laid upon workmg it carefully and with mtelli- 
gens 3 : the peculiar properties make its use a constant menace other¬ 
wise. Despite the objectionable feafures of this oil, it has been used 
with great success by some, and those varnish makers, who have not* 
(taken it up, or have been unable to manipulate it satisfactosiy, are 
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gradtially finding themselves outdistanced by their more successful 
rivals in the manufacture of such varnishes. • ^ . 

Af&r much money and time has been elfiended in researches and 
experiments, and millions of pounds of the oil wasted, the general 
conclusions arrived at is, that this oil requ^es Ixsiling with lead or 
manganese compounds, but in a different way from that of boiling 
linseed oils, which can be raised to a temperature of 320° C. (588° F.), 
while China wood oil must under no covsideration be heated by itself 
alone to over 180° C. (356° F.). While some of the oil, off and on, 
may stand a temperature of 200° C. (392° F.), it is liable to go with 
great rapidity into a jelly, that is of no use whatever, even at a much 
lower point. The safest way to treat the oil and make it lose its opacity 
on drying is to heat it in a portable pot over a moderate fire, to 160° C. 
(320° P.), and as soon as the temperature readies 180’ C. (356° F.) 
remove the pot from the fire and stir into the still sinimeriiig oil 
the quantity of drying comiiound, which iiiiist be in fine jtowder, that 
it is thought best to*employ. Manganese compounds, especially the 
borate, tend much more to gelatinise the oil on being heated too highly, 
thjin with lead coniixiuiids. As to the use of lead products, either 
litharge or ted lead may be used, the former preferably. Two per 
cent, of the weight'of oil is sufficient for ordinary jiurposes. In case 
the use of manganese is desirable, borate of manganese should bo 
employed, but should not exceed | jier cent, of weight of oil even 
} per cent, may be sufficient to keep it transparent, l.eail rosinate. 
tnangj'nese rosinate, lime rosinate, in fine jiowder act similarly, but 
must not be used in excess. Wood oil is seldom used by itself, 
hut mostly in admixture with linseed oil to which it is claimed im¬ 
parts a greater degree of elasticity, hardness, and imperviousness. 

In a recept article on the manufactuix! of fiat wall paints W. G. 
Scott makes some very useful suggestions regarding wood oil. He 
states that the regulation jellymg-point is supposed to be 540° F., but 
the rate of heating has very much to do with it, for instance, long- 
continued heating at 392° F. (200" C.) to 4.50 F. (232 2° C.) converts 
it into an insoluble jell^; on the other hand, it maybe heated quickly 
to 620° F. before it commences to string or thicken, and in some cases 
it will not jeljy until cooled back to 540°. Otdy a few moments are 
required for the oil ti/thus solidify, after it begins to string, but if a 
certain amount of rosin, 2 or more lb. per gallon, be added just on 
the point of stringing, the reaction is prevented and the mixture re¬ 
mains liquid. Some driers accelerate and some retard the jellying of 
vfeod oil, and it is a knowledge of this action and the proper heat 
treatmeift which enables the yarnish-maker and paint manufacturer 
to produce a wood oil, which will dry flat without a crystalline surface. 
A mixture of 80 per cent, treated wood oil and 20 per ceifl. of 
treated linseed oil forms an excellent vehicle for flat wall finishes. 
Pigments grounfl in this mixture are appai'ently too thick for the 
brush,^ut work as freely as oil-aud level out perfectly. Furthermore.* 
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the paint 'flats down to a surface free from brush marks and ether , 
imperfections. 

Wax is an ingredient used in some of the flat wall finishes, and it 
adds greatly to the waterproofing quality. It is essential that a white 
wax be used, and good results are obtained with Japan wax. I'arattin 
wax may be used it desired, but it retards the drying, 

.\ flat, waterproof wax-oil formula is as follows :— 

32 gallons (251 lb). China wood oil. Heat to 420° F., then add 
8 lb. Japan wax. Stir well, allow to cool to 320° F,, then thin with 
16 gallons wood turpentine. Finally add 1 gallon' concentrated 
varnish drier. 

This oil when ground with pigments dries with a dull egg-shell 
surface and the paint is exofiedingly waterproof. 

For a cheap “ Factory White ” the following pigments are ground 
in 1 gallon of the above oil:— 

15 lb. lithopone. 

4 lb, zinc oxide. ' 

1 lb. asbestine pulp. 

The paste so produced may then bo thinned to brush consistency 
with more of the above wax oil, or reduced with turpentind or benzine. 
If preferred, whiting may be used in place of asbestine pulp, hut the 
asbestine helps to hold the pigments in suspension. The wax also 
helps to hold up the pigment. 

To make a China wood oil varnish for blending with the cheaper 
grades of linseed oil and losin or soft copal and dammar variiishes, 
the following method appears to be best:— 

Run through a mill and grind well together, 32 lb. varnish-makers’ 
lime flour, 61b. hydrated oxide of manganese, 12 lb. powdered litharge, 
and 6 gallons boiled linseed oil. Set aside until required. In 
a varnish pot of 100 gallons capacity place 200 lb. crude China wood 
oil and heat slowly to between 160° and 180° C. Before the maximum 
temperature has been reached take pot from fire and stir in at once 
15 lb. of the drying compounds alxive mentioned; keep stirring until 
the driers are well incorporated, then return to fire and add 200 lb. 
rosin that has been melted in another kettle, but keep temperature 
well down to 160° C. When oil and rosin are well n^xed, take pot 
from fire and thin in the usual way with turpentine or benzine to 
proper consistence, filter and store. 

China Wood Oil Varnishes with Direct Method: Pale Furniture 
Varnish .—4 gallons varnish-makers’ bodied linseed oil and 50 Ib. 
pale rosin are heated in the kettle to a temperature of 140° to 150° C. 
(288° and 302° F.), the rosin being added after oil has reached 212° F.’ 
When the temperature of 150° C. (302° F.) has been reached, 6 lb. of 
the finely ground lime and driers in oil, above referred to, are stirred 
in, and when this has been taken up, '5 lb. of China wood oil is added 
and the boiling continued about 10 minutes, when’pot is remov'ed 
from fire and contents thinned in the usual way with turpeiftine or 
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ben&ine or a mixture of these solvents, about 10 to 12 gallons being 
required. This batch will produce from 20 to 22*gallo»s, but at no 
stageMf the process must the temperatuili exceed the maximum of 
302“ F. A harder drying but much darker varnish can l>e made by 
boiling raw oil and rosin together at a tempej^iture of 280“ C. (530° F.) 
to a thick consistency, then allowing the temperature to go down to 
180° C. (356° F,), and stirring in the 6 lb. of drier in oil and the 5 lb. of 
(Ihina wood oil. in the same manner as^s followed in the pale varnish. 

Durable. AirDryinij Varmsh for Oitlstdr. irnri'.- OOll). boiled linseed 
■oil, 10 lb. China wood oil, and 40 lb. pale rosin jtre heated to 160° C. 
(320° F.). When the oil and rosin are well united, a mixture of 8 oz. 
litharge, 2 oz. hydrated oxide of manganese, and 4 oz, lime ground 
6ne in 1 quart of boiled linseed oil, is stirred in, and the temperature 
*kept between 300" and .'120" F. until the driers are taken np, then the 
pot is taken from lire and the contents thinned with from 8 to 10 
gallons turps, or a mixture of turjis and iHinziiie. This batch will 
produce from 20 to fi2 gallons of a pale and fairly durable cheap out¬ 
side varnish. The boiled linseed oil referred to is understood to be 
linseed oil boiled with drier, to the consistency of syrup of honey. 

,!apun'Varnish inih Vhina Il'imd Oil. —To the initiated it is no 
secret, that ordinary rosin varnishes, no matter how much oil they may 
contain in proportion to the gum, are not well adapted for japanning 
on metals. This defect can he remedied to a great extent by the 
introduction of a small portion of wood oil. A varnish made by the 
Jollo^ing foil'nula will dry in ordinary air in from 36 to 48 hours, but 
when placed in an oven will bake hard in 6 hours at a temperature 
of 180" F. without ])erceptible discoloration: 7 gallons bodied 
linseed oil and 8 lb. China wood oil are heated to 150° C. (302° F.), and 
while 4 lb. of the driers ground in oil are stirred in, the temperature is 
allowed to rise to 180“ C. (356° F.) and held there until the driers are 
taken up. when 40 lb. hardened rosin, melted in another pot, are 
introilueed, and when this is incorporated the pot is taken from fire 
and contents thinned down with 10 or 12 gallons turpentine. This 
batch will produce nqg less than 22 gallons of varnish. 

Jlow to Vrepare China. Wood Oil for Vse a.t an Aid to Linseed Oil 
as a Paint Vehicle (not for Varnish. Makiiui}. —The oil is placed in 
a portable varnish pdt and heated over a moderate 6re to a tempera- 
•*ture of not over 180" C. (356° F.). As soon as it reaches that jx)int, 
the pot is^erfoved from the 6re, and the driers well stirred into the 
oil. To do this effectually, without the pot on the lire, to risk loss of 
bil by gelatinising, the driers should be ground in enough linseed oil 
ttfform'a thin semi-paste, so that the full benefit may be derived from 
the manner of introduction. For every 100 lb. of wood oil placed in 
the kettle, 1 lb. of litharge will be sufficient to make the oil bdeome 
transparent and remain so on drying. If desired to give the boiled 
Ohina wood oil' extra drying properties, the quantity of litharge may 
be infreased to 2 lb. for every 100 lb. of the oil. Or the litharge ma^ 
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be replaced by a similar quantity of red lead. We would, howtftrer, 
caution agaiast th^ use of manganese compounds in this connection, 
as well as against the use^df rosinate of lime or of lime itself.** The 
clear oil, when so treated, may be employed alone, or in any propor¬ 
tion with boiled linseed qjl, in the manufacture of paint, but we think 
it best to grind pigments in linseed oil, using the prepared wood oil 
as part of the thinners, in quantities, best suited to the intended use of 
the paint. With all the preqjiutions enumerated, it is by no means 
certain that every batch of the treated oil will remain transparent, as 
we have seen samples of the oil in bottles, that stood ih strong light 
tor a month or two, and well corked, become opalescent and almost 
as solid as stearine, which appears to prove that the various deliveries 
cannot always be depended upon, and require constant inspection and 
examination. The crude article, after standing for about two months' 
exposed to strong light in bottles, that are simply corked but not 
sealed, will invariably become opaque and of the consistency of chilled 
lard oil. In the manufacture of certain varnishes, China wood oil is 
introduced as a means to promote elasticity, drying, and resistance to 
wear in the cheaper class of goods. We have failed so far to discoveg 
its presence in the higher priced articles. There is no queiftion what¬ 
ever about its valuable properties, when judiciofisly employed in 
varnishes, consisting of ordinary rosin or soft rosins, and the Ruropean 
varnish-makers were not slow in working out the problem and profit¬ 
ing thereby. As stated above, millions of pounds of the oil w'ere 
wasted in experiments in Kurope and America, and wiihout dgubt,, 
even now, many a hatch fails from lack of knowdedge of its peculiarities. 
Those who have succeeded keep their information pretty well to 
themselves, hut with a little experience, and the information aliout 
the characteristics and the behaviour of the oil in heating, the. in¬ 
telligent varnish-maker should be able to work out his own method 
of treatment. The oil can be introduced into varnishes in two differ¬ 
ent ways, either by directly introducing it on making the various 
batches, or by making a China wood oil varnish, to be mixed with lin¬ 
seed oil varnish, as desirable in the cold way.'. This is a mattar of 
business utility that depends upon manufacturing capacity and cost. 

China woo<l oil varnish may be added not only to roi^n varnishes, 
but also to those made from other soft copals and dammars, in any^ 
percentage desired, but it is safest to keep down the proportion to a 
minimum, adding just enough to prevent such varnishdk ffom being 
too brittle on drying. By adding, say 15 to 20 per cent, of the ChinA 
wood oil varnish to an ordinary quick-drying varnish, and applyinjf 
the latter side by side with the mixture, ,and then after say 48 houiV 
rubbing each briskly with the finger, the most sceptical will be con- 
vince<f of the value of China wood oil in varnish-making. 

Matt or Flatting Varmsh .—A fine white flatting varnish can be 
prepared by heating 100 parts of wood oil to 180° C.,'then adding H 
pkrts of manganese rosinate, and, after 'boiling tor an hour, living 
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to stand for several daj's. Meanwhile, a drier is prepared from 100 
parts of rosin, 9 of lime, 10 of thick boiled oil, 26 of lead Unoleate, 
and /OO of turps. Of this preparation *45 parts are iucorpoi'ated 
with 75 pai'ts of the prepared wood oil. Coatinjis of this varnish 
will dry perfectly hal'd in 12 hours. Used^lone, the prepared wood 
oil gives a hard, drying, white coating, but the surface is more like 
marble, whereas with the drier mentioned, a line egg-shell matt is ob¬ 
tained. Owing to the uneven quality,of commercial wood oil it is 
necessary to make a small trial batch before dealing with the bulk. 

Hardeniity Eosiu bi/ Lime in the Actual Process of Varnish- 
makhuj.—Thcs hardening of rosin varnish by lime, in the actual pro¬ 
cess of varnish-making, may result in the thickening of the varnish, 
unless the operation is performed with the requisite precaution. Thus, 
IT the temperature lie insuHicient, only part of the lime will dissolve, 
the insoluble portion forming thick lumps, which settle down when 
the varnish is thinned with the diluent. On the other hand, too little 
lime will leave thewosin insulliciently hardened, and therefore it will 
remain tacky when di'N, whilst an excess of lime causes the mass to 
thicken considerably, and recpiire timely treatment with linseed oil, 
wood oil, ur rosin to restore its fluidity. The following reeijH! will lie 
found to give satisfactory results; 10 parts of .American rosin, j part 
of marble lime in jiowder, 5 parts of boileil linseed oil, or wood oil, 
5 parts of oil of turjientino and 5 jiarts of turpentine substitute. The 
rosin ig heated to270‘’(!. (.518 F.) in an enamelled cast-iron pan, and 
^the yme is Udded in two portions, heating being continued until a 
thick, strong crust forms on the surface of the rosin. The oil is stirred 
in and the whole is heated till it froths up and a skin forms again. 
The pan being taken from the fire and left to cool, the contents are 
diluted, first with the oil of turjientinu and then with the substitute. 
If a more consistent “ varnish" is required, part of litharge may 
be added at the outset, when the temperature has reached 230” C. 
(446° F.). If added after the lime, the litharge would greatly thicken 
the mass. The author of this process states that wood oil is preferable 
to lieseed oil in ma^g these varnishes, but a mixture of the two , 
would no doubt give a far superior proiluct. 


JTHE end] 
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— - - specific gravity of, 124. Nitric acid, action of, on linseed oil, 71. 

„ spectroscopic examination of, 69. j-bleaching linseed oil with, 58. 

-spontaneous combustion of, 230. ; Nitrousacid, action of, on linseed oil, 71. 

— — storage of, 67, 227, 234. Nsa*sana nil, 431. 

-substitutes, 384. 

— -- sulpliunc acid spot test for, 147. , 0 . 

— — taste of, 128. 

-testing, 108, 183. ' (hi, boiling by direct heat, 859. . 

-lime of drying of, 255, 897. i -steam, 369. 

-ultimate organic analysis of, 186.!-— superlieated air, 377. 

— — unsaponifiablo, content of, 47. ;-degree of heat for, 386. 

— - unsaturated fatty acids of (Bed-|-pots, 358. 

ford), 88. ! — — Villon’s method for, 867. 

-viscosity of, 142. ; — colouring principles of, 56. 

-volatile products of, 227. ! — content of dificrent seeds (table), 41. 

— screening machinery, 13. ‘ — linseed. Soo Linseed oil. 

Litharge, analysis of, 310. — seed crushing, automatic control of, 

— driers, 308. 35. 

Lithographic ink vehicles, 207. I — tliennal values of, 119. 

j Oilcake parirg machine, 29. 

1 ~ moulding u achine, 17. 

M. I — rubber seed, 485. 

I Oilcakes, comparative analyses of, 480. 
Madia oil, 428. — linseed, oxidation of oil in, 228. 

Magnesium linoleate, 827. Oils, drying. Sec Drying oils. 

— metallic action of, on linseed oil, 72. — fixed, properties of, 2. 


Maize oil, 429. — splitting of, 75. 

-detection of, in linseed oil, 174. Oleic acid, glycerine from, 279. 

_india-rubber substitute from, *246.-in iinoleic acid (Mulder), 82. 

Manganese acetate driers, 317. Oleo rofractometcr, 161. 

-- and sulphuric acid driers, 297. hOxi^ation of drying oils, 92. 

— boiled oil, 399. Oxiaising agents for bleaching linseed 

— boyate driers, 296,300, 318. oil, 57. 

— compounds, action of, on linseed oil, Oxyacids, analysis of, 281. 

992. —I estimating in boiled oil, 195. 

-- driers. 296, 322. — estimation of (Fa^on), 78. 

— linoleate, 329. — from oxidised oilfe2. 

‘-driers, 319. Oxjgen absorption of boiled oil, i95. 
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Ox^gea, absorption of oils, 180, 266. Refraction, index of, 152,159. . 

• lins^ oil, 256. Refractive inde&of Chinese vrood oil, 

474. * * 

-^linseed oil, 207. 

Poppy-seed oil, 447. 


imseea on, zoo. 

Oxyltnoleic acids from cotton-seed oil, 

m. 

Oxone absorption of oils, 275. 

— action of, on linseed oil, 355. 

— bleaching linseed oil with, 57. 

— value of linseed oil, 275. 

Ozonides, preparation of, HC. < - 
Ozonised oil, 389. 

P. 


Paint, durabilily of, 402, 407. - ... 

— film, action of internal organic per- — for priming ink, 215. 

'^.A _lAU __ JAMftn ’W7 


— indices ofmarinc animal oils, 163. 
-.mineral oils, 168, 165. 

— vegetable oils, IfW. 
Refractometer, hYty’s, 154. 

— Jean’s, 160. 

— Abbt‘. 152. 

Hesinates. manufacture of, 821. 
Kosin, combining weight of, 325. 

estiniatiug, in boilod oil, 196. 


grinding Japan, 837. 
hardening, by lime, 491. 

-- m b(*ilcd oil, HH8. 

-- - Ciiincso wood oil, 4H4. 

— (Ictcoting, in iKuled oil, 194. 

oil. <lete< tK)n of. in linseed oil, 178. 

- - -- determining, in lujuood oil, 103, 

147. 

— -- Lu-horinann Storcli test for, 149. 

- - • optical deviation of, 169. 

.Storcli-Morawski tost for, 194. 

, — tin tctrahroinide teat for, 149. 

Itosinate of manganese, tost for drying 

oils, 26 . 8 . 

Itohinates, nianufaeturo of, .824. 
Rubber-''ccd oil, 434. 

8 . 


oxide on, 40B. 

— action of light on, 405. 

— 61m8, defects of, 408. 
t10^ oil, action of pigments on, 409. 

— vehicles, 1, 6. 

Paints, action of pigments on, 409. 

— antifouling, 838. 

— testing the penuan^io} of, 409. 

Para rubber oil, 434. 

, Pfrilla oil, 487. 

— — bleaching, 02. 

Peroxide o^ hydrogen for bleacliing 

linseed oil, 57. 

Petroleum spirit, determination of, m 
linseed Qil, 105. 

Phytosteriu, 51. 

Pine-seed oil, 458. , 

Polarimotric examination of boiled oil, 

200. o 

^ teats of linseed oil, 167. Sadlowcr-sn'd oil 450. 

Polarisation plane of various oils, 168. Sap'Oiification value of linseed oil, 10b. 
Poppy oil, 426. ^ Saponifying Imseeil oil, H2. 

Poppy-seed oil, 438. .Siberian pine oil, 414. 

Potash bi-chromate, bleaching linseed Soap, copjKjr, 331. 

oil with. 57.. I - printing ink, 21o. 

_permanganate, bleaching linseed oil — iron, 381. 

with, 57. lime, 381. 

Potassium carbonate, bleaching linseed — 
oil with, 58. 

Printing ink, bluc-black, 220. 

-boiled oil for, 204. 

-; copaiba balsam in^lS. 

-dri^s for, 213. ' 

-indigo in, 217. 

_Goyneaa’s recipe (or, 216. 

-lustrous', 228. ® 

--properties of, 213. 

— rosin for, 215. 

-soap ?or, 215. 

__vehicles, 205, 208, 217. 

Pumpkin-seed oil, 447. 

Pyrolusite driers, 314. 

i -j , 

B. 

B»pe oil, detection of, in linseed oil 
'• 172. . . < 

_determining, in linseed oil, 149. 

■ Bobinia oil, 448. • 

BeSnMg linseed oil, 53. 

VOL. I. 


; Solidification points of various oils, 134. 
I Solvents, extracting oil by, 38. 
j Soya Hean Oil, 453. 

I Specilic gravity tulic, Sprengcl’s, 180. 

' Spectroscopic examination of linseed 
oil, fl9. 

Sprengcl's specific gravity tube, 130. 

1 Stand oil, cliaractcrislics of, 206. 

Steam jacketed pans, 372. 

; Stillingia oil, 459. 

■ Storcli-Morawski test lor rosin, 383. 

, String teat for linseed oil, 212. 

' Sulpliur chloridc in rubber substitutes 
; 252. . , 

I Sulphuric acid, action of, on linseed oil 
' 70. 

i_bleaching linseed oil with, 5.3. 

'_spot test for linseed oil, 147. 

Sulphurous acid, action of on linseet 
oil, 70, 

Sunilower-seed oil, 460. 

-linoleic acid from, 88, 

n 
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X. i Viscosity of Chinese wood oil, 474. <• 

. '-linseed oil, 142. ^ 

Terftbine!H306,‘334. -printing ink vehicles, 144.^*^ 

Th^nard’s process for rcfinicrt linseed; r. 


oil, 58. 

Tin linoloate, 320. 

Tobacco-seed oil, 462. 

Tung oil. See Wood oil. 

Turpentine, determination of, in linseed 
oil, 104. 

— Japans, 337. t. 


W. 

Walnut oil, 463. 

-determining, in Imseed oil, 149. 

Waterproofing composition for fabric, 
' 333 

Waxcloth. Afridi, 460. 

Wliale oil, determining in linseed oil, 


V. 

Varnishes, drying oils in, C. 

— from Chinese wood oil, 485. 

Varnish, waterproof, from vulcanised | 
oil, 247. 

Vegetable oils, refractive indices of, 16.3. ^ 
Verdigris, 332. 


148. 

Wood oil, Chinese, 468. 

-nuts, analysis of (table), 4H0. 

Z. 


Zinc driers. 207. 
— soap, 331. ' 
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